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TABLE II: CLASSIFICATION AND DESCRIPTION OF PROBLEMS 


SI Units 

Problem Number* 

U.S. Units 

Problem description 


CHAPTER 1: 

INTRODUCTION - CONCEPT OF STRESS 



Normal stress under axial loading: 

1.1,2 

1.3,4 

in rods 

1.5,6 


• 

1.7,8 

1.9,10 

in pin-connected structures 

1.13,14 

1 .11,12 

in trusses and mechanisms 

1.15,16 

1.17,18 

Shearing stress 

1.19,20 

1 .21 

Bearing stress between flat surfaces 

1.23,24 

1.22,25 

Shearing and bearing stresses at pin-connected joints 

1 .27,28 

1.26 



1.29,30 

1.31,32 

Stresses on an oblique plane 

1.35,36 

1.33,34 

Factor of safety: 

1.37,38 

1 .41,42 

1.39,40 

in tension 

1.43,44 

1 .47,48 

1.45,46 

in shear 

1.49,50 

1.51,52 

in structures involving links and pins 

1.53,54 

1.55,56 


*1.57 

*1.58 

Load and Resistance Factor Design 


1.59,6/ 

1.60,63 

Review problems 

1.62,65 

1.64,66 


1.67,69 

1.76 

1.68 



l.C2,C4,C6 

1.C/.C3, C5 

Computer problems 


CHAPTER 2: 

STRESS AND STRAIN - AXIAL LOADING 

2.1,4 

2.2,3 

Stresses and deformations in statically determinate structures: 
simple rods and wires 

2.5,7 

2.6,8 


2.10,11 

2.9,12 

multiple-criteria problems 

2 .13,14 
2.16,17 

2.15,19 

composite rods and members 

2.18,20 

2.21,22 

2.23,28 

members of trusses and simple frames 

2.26,27 

2 .24,25 


2.29 

2.30 

computation of deformations by integration ^ - 

2.31 

2.32 

true strain 


* Problems that do not involve any specific system of units have been indicated by underlining their number. 


Answers are not given to problems with a number set in italic type. 
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TO THE INSTRUCTOR: 


As indicated in its preface. Mechanics of 
Materials is designed for the first course in 
mechanics of materials - or strength of materials 
- offered to engineering students in the 
sophomore or junior year. However, because of 
the large number of optional sections that have 
been included and the maturity of approach that 
has been achieved, this text can also be used to 
teach a more advanced course. 

The text has been divided into units, each 
corresponding to a well-defined topic and 
consisting of one or several theory sections 
followed by sample problems and a large number 
of problems to be assigned. In order to 
accommodate courses of varying emphases, 
considerably more material has been 'included 
than can be covered effectively in a single 
three-credit-hour course. To assist the 
instructors in making up a schedule of 
assignments that best fits their classes, the 
various topics presented in the text have been 
listed in Table I and both a minimum and a 
maximum number of periods to be spent on each 
topic have been suggested. Topics have been 
divided into three categories: core topics that 
will probably be covered in every course; 
additional topics that can be selected to 
complement this core to form courses of various 
emphases; and finally topics that can be used 
with more advanced students. 

The problems have been grouped 
according to the portions of material they 
illustrate and have been arranged in order of 
increasing difficulty, with problems requiring 
special attention indicated by asterisks. The 
instructor's attention is called to the fact that 
problems have been arranged in groups of six or 
more, all problems of the same group being 
closely related. This means that the instructor 
will easily find additional problems to amplify a 
particular point that has been brought up in the 


discussion of a problem assigned for homework. 
Since half of the problems are stated in SI units 
and half in U.S. customary units, it also means 
that the instructor has the choice of assigning 
problems using SI units and problems using U.S. 
customary units in whatever proportion is found 
to be most desirable for a given class. To assist 
in the preparation of homework assignments 
Table II provides a brief description of all groups 
of problems and a classification of the problems 
in each group according to the units used. It 
should also be noted that answers to all 
problems with a number set in roman type are 
given at the end of the text, while problems with 
a number set in italic are not. 

In Table III six alternative lists of 
possible assignments have been suggested. Four 
of these lists consist of problems whose answers 
are given at the end of the text, and two of 
problems whose answers are not. Half of the 
problems in each list are stated in SI units and 
half in U.S. customary units. For those 
instructors who wish to emphasize the use of SI 
units, four additional lists of problems have been 
given in Table IV, in which 75% of the problems 
use SI units. Since the lists in Tables III and IV 
cover the entire text, instructors will want to 
select those groups of sections that are best 
suited to the course they wish to teach. For a 
typical one-semester course consisting of 42 
class meetings and including four quizzes, as 
many as 38 of the 46 available groups can be 
selected. 

Since the approach used in this text 
differs in a number of respects from the 
approach used in other books, the instructor is 
advised to read the preface to Mechanics of 
Materials , in which the authors have outlined 
their general philosophy. Attention is particularly 
called to the fact that statically indeterminate 
problems are first discussed in Chapter 2 and are 


v 


considered throughout the text for the various 
loading conditions encountered. Thus, students 
are presented at an early stage with a method of 
solution that combines the analysis of 
deformations with the conventional analysis of 
forces used in statics, and will have become 
thoroughly familiar with it by the end of the 
course. The concept of plastic deformation is 
also introduced in Chap. 2, where it is applied to 
the analysis of members under axial loading, 
while problems involving the plastic deformation 
of circular shafts and of prismatic beams are 
considered in optional sections of Chaps. 3 and 
4, respectively. On the other hand, while the 
concept of stress at a point is introduced in 
Chap. 1, the discussion of the transformation of 
stresses is delayed until Chap. 7, after students 
have discovered for themselves the need for 
special techniques, such as Mohr's circle. In this 
edition, shear and bending-moment diagrams are 


introduced at the beginning of Chap. 5 and 
applied immediately to the design of beams in 
that chapter and in the next. 

A brief description, chapter by chapter, 
of the topics included in the text will be found in 
the following pages. It is hoped that this 
material will help instructors organize their 
courses to best fit the needs of their students. 

The authors of Mechanics of Materials, 
S/e , wish to thank Professor Dean P. Updike of 
the Department of Mechanical Engineering and 
Mechanics at Lehigh University for having 
written the problem solutions contained in this 
Manual. 

Ferdinand P. Beer 

E. Russell Johnston, Jr. 

John T. DeWolf 


DESCRIPTION OF THE MATERIAL CONTAINED IN 
"MECHANICS OF MATERIALS", 3 rd edition 



Chapter 1 

Introduction - Concept of Stress 

The main purpose of this chapter is to 
introduce the concept of stress. After a short 
review of Statics in Sec. 1.2 emphasizing the use 
of free-body diagrams, Secs. 1.3 through 1.7 
discuss normal stresses under an axial loading, 
shearing stresses ~ with applications to pins and 
bolts in single and double shear - and bearing 
stresses. Section 1.4 introduces the concepts of 
analysis and design, while Sec. 1.5 emphasizes 
the fact that stresses are inherently statically 
indeterminate and that, at this point, normal 
stresses under an axial loading can only be 
assumed to be uniformly distributed. Moreover, 
such an assumption requires that the axial loading 
be centric. 

Section 1.8 is devoted to the application 
of these concepts to the analysis of a simple 
structure. Section 1.9 describes how students 
should approach the solution of a problem in 
mechanics of materials, and Sec. 1.10 discusses 
the numerical accuracy to be expected in such a 
solution. Problems included in the first lesson 
also serve as a review of the methods of analysis 
of trusses, frames, and mechanisms learned in 
statics. 

Section 1.11 discusses the determination 
of normal and shearing stresses on oblique planes 
under an axial loading, while Sec. 1 . 12 introduces 
the components of stress under general loading 
conditions. This section emphasizes the fact that 
the components of the shearing stresses exerted 
on perpendicular planes, such as and , must 
be equal. It also introduces the students to the 
concept of transformation of stress. However, the 
study of the computational techniques associated 
with the transformation of stress at a point is 
delayed until Chap. 7, after students have 


discovered for themselves the need for such 
techniques. 

Section 1.13 is devoted to design 
considerations. It introduces the concepts of 
ultimate load , ultimate stress , and factor of 
safety. It also discusses the reasons for the use 
of factors of safety in engineering practice. The 
section ends with an optional presentation of an 
alternative method of design, Load and 
Resistance Factor Design. 

Chapter 2 

Stress and Strain - Axial Loading 

This chapter is devoted to the analysis 
and design of members under a centric axial 
loading. Sections 2.1 and 2.2 introduce the 
concept of normal strain , while Sec. 2.3 
describes the general properties of the 
stress-strain diagrams of ductile and brittle 
materials and defines the yield strength, ultimate 
strength, and breaking strength of a material. 
Section 2.4, which is optional, defines true stress 
and true strain. Section 2.5 introduces Hooke's 
law , the modulus of elasticity, and the 
proportional limit of a material. It defines as 
isotropic those materials whose mechanical 
properties are independent of the direction 
considered and as anisotropic those whose 
mechanical properties depend upon that 
direction. Among the latter are fiber-reinforced 
composite materials, which are described in this 
section. 

Section 2.6 discusses the elastic and the 
plastic behavior of a material and defines its 
elastic limit , while Sec. 2.7 is devoted to fatigue 
and the behavior of materials under repeated 
loadings. The first lesson of Chap. 2 ends with 
Sec. 2.8, which shows how Hooke's law can be 
used to determine the deformation of a rod of 
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uniform or variable cross section under one or 
several loads, and introduces the concept of 
relative displacement. Secction 2.9 discusses 
statically indeterminate problems involving 
members under an axial load. As indicated in the 
preface of the text and in the introduction to this 
manual, the authors believe it is important to 
introduce the students at an early stage to the 
concept of statical indeterminacy and to show 
them how the analysis of deformations can be 
used in the solution of problems that cannot be 
solved by the methods of statics alone. It will also 
help them realize that stresses, being statically 
indeterminate, can be computed only by 
considering the corresponding distribution of 
strains. Section 2.10 discusses the thermal 
expansion of rods and shows how to determine 
stresses in statically indeterminate members 
subjected to temperature changes. 

Section 2.11 introduces the concept of 
lateral strain for an isotropic material and defines 
Poisson's ratio. Section 2.12 discusses the 
multiaxial loading of a structural element and 
derives the generalized Hooke's law for such a 
loading. Since this derivation is based on the 
application of the principle of superposition, this 
principle is also introduced in Sec. 2.12, and the 
conditions under which it can be used are clearly 
stated. Section 2.13 is optional. It discusses the 
change in volume of a material under a multiaxial 
loading and defines the dilatation and the bulk 
modulus or modulus of compression of a given 
material. 

Section 2.14 introduces the concept of 
shearing strain. It should be noted that the 
authors define the shearing strain as the change in 
the angle formed by the faces of the element of 
material considered, and not as the angle through 
which one of these faces rotates. Hooke's law for 
shearing stress and strain and the modulus of 
rigidity are also introduced in this section, as well 
as the generalized Hooke's law for a 
homogeneous, isotropic material under the most 


general stress conditions. Section 2.15 points 
out that strains, just as stresses, depend upon the 
orientation of the planes considered. It also 
establishes the fact that the constants E, v, and 
G are not independent from each other and 
derives Eq. (2.43), which expresses the relation 
among these three constants. Section 2.16, 
which is optional, extends the stress-strain 
relationships to fiber-reinforced composite 
materials. The relations obtained are expressed 
by Eqs. (2.45) and (2.47) and involve three 
different values of the modulus of elasticity and 
six different values of Poisson’s ratio. 

Section 2.17 discusses the distribution of 
the normal stresses under a centric axial loading 
and shows that this distribution depends upon 
the manner in which the loads are applied. 
However, except in the immediate vicinity of the 
points of application of the loads, the 
distribution of stresses can be assumed uniform. 
This result verifies Saint- Venant's principle. 
Section 2.18 discusses stress concentrations 
near circular holes and fillets in flat bars under 
axial loading. 

Section 2.19 is devoted to the plastic 
deformation of members under centric axial 
loads and introduces the concept of an 
elastoplastic material. As stated in the preface 
of the text, the authors believe that students 
should be exposed to the concept of plastic 
deformation in the first course in mechanics of 
materials, if only to let them realize the 
limitations of the assumption of a linear 
stress-strain relation in engineering applications. 
By introducing this concept early in the course in 
connection with axial loading, rather than later 
with torsion or bending, one makes it easier for 
the students to understand and accept it. For the 
same reason, residual stresses are discussed in 
Sec. 2.20 in connection with axial loading. 
However, since some instructors may not want 
to include the concept of residual stresses in an 
elementary course, this section is optional and 
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can be omitted without any prejudice to the 
understanding of the rest of the text. 

Chapter 3 
Torsion 

Section 3.1 introduces this type of 
loading, while Sec. 3.2 establishes the relation 
that must be satisfied, on the basis of statics, by 
the shearing stresses in a given section of a shaft 
subjected to a torque. This condition, however, 
does not suffice to determine the stresses, and 
one must analyze the deformations which occur 
in the shaft. This is done in Sec. 3.3, where it is 
proved that the distribution of shearing strains in 
a circular shaft is linear. It should be noted that 
the discussion presented in See. 3.3 is based 
solely on the assumption of rigid end plates, 
rather than on arbitrary and gratuitous 
assumptions regarding the deformations of a 
shaft. The results obtained in this and the 
following sections clearly depend upon the 
validity of this assumption, but can be extended 
to other loading conditions through the 
application of Saint-Venant's principle. 

Section 3.4 is devoted to the analysis of 
the shearing stresses in the elastic range and 
presents the derivation of the elastic torsion 
formulas for circular shafts. The section ends 
with remarks on the transformation of stresses in 
torsion and the comparison between the failures 
of ductile and brittle materials in torsion. 

The formula for the angle of twist of a 
shaft in the elastic range is derived in Sec. 3.5, 
This section also contains various applications 
involving the twisting of single and 
gear-connected shafts. Section 3.6 deals with the 
solution of problems involving statically 
indeterminate shafts . 

Section 3.7 is devoted to the design of 
transmission shafts and begins with the 
determination of the torque required to transmit 
a given power at a given speed, both in SI and 


U.S. customary units. Note that the effect of 
bending on the design of transmission shafts will 
be discussed in Sec. 8.3, which is optional. 
Section 3.8 discusses stress concentrations at 
fillets in circular shafts. 

Sections 3.9 through 3.11 deal with the 
plastic deformations and residual stresses in 
circular shafts and are optional. Since a similar 
presentation of the plastic deformations and 
residual stresses of members in pure bending is 
given in Chap. 4, the instructor may decide to 
include only one of these presentations in the 
course. Section 3 .9 describes the general method 
for the determination of the torque 
corresponding to a given maximum shearing 
stress in a shaft made of a material with a 
nonlinear stress-strain diagram , while Secs. 
3.10 and 3.11 deal, respectively, with the 
deformations and the residual stresses in shafts 
made of an elastoplastic material. Sections 3.12 
and 3.13 are also optional. They are devoted, 
respectively, to the torsion of solid members and 
thin-walled hollow shafts of noncircular section. 

Chapter 4 
Pure Bending 

Section 4.1 defines this type of loading 
and shows how the results obtained in the 
following sections can be applied to the analysis 
of other types of loading as well, namely, 
eccentric axial loadings and transverse loadings. 
Section 4.2 establishes the relation that must be 
satisfied, on the basis of statics, by the normal 
stresses in a given section of a member subjected 
to pure bending. This condition, however, does 
not suffice to determine the stresses, and one 
must analyze the deformations that occur in the 
member. This is done in Sec. 4.3, where it is 
proved that the distribution of normal stresses in 
a symmetric member in pure bending is linear. It 
should be noted that no assumption is made in 
this discussion regarding the deformations of the 
member, except that the couples should be 
applied in such a way that the ends of the 
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member remain plane. Whether this can actually 
be accomplished is discussed at the end of Sec. 
4.5. 

Section 4.4 is devoted to the analysis of 
the normal stresses in the elastic range and 
presents the derivation of the elastic flexure 
formulas. It also defines the elastic section 
modulus and ends with the derivation of the 
formula for the curvature of an elastic beam. 
Section 4.5 discusses the anticlastic curvature of 
members in pure bending and also states the 
loading conditions required for the ends of the 
member to remain plane. 

Section 4.6 discusses the determination of 
stresses in members made of several materials and 
defines the transformed section of such members. 
It also shows how the transformed section can be 
used to determine the radius of curvature of the 
member. The section ends with a discussion of 
the stresses in reinforced-concrete beams. 
Section 4.7 deals with the stress concentrations at 
fillets and grooves in flat bars under pure 
bending. 

Sections 4.8 through 4.1 1 are optional. 
They discuss the plastic deformations and residual 
stresses in members subjected to pure bending in 
much the same way that these were discussed in 
Secs. 3.9 through 3.11 in the case of members in 
torsion. Section 4.8 describes the general method 
for the determination of the bending moment 
corresponding to a given maximum normal stress 
in a member possessing two planes of symmetry 
and made of a material with a nonlinear 
stress-strain diagram. Section 4.9 deals with 
members made of an elastoplastic material and 
derives formulas relating the thickness of the 
elastic core and the radius of curvature with the 
applied bending moment in the case of members 
with a rectangular cross section. It also defines 
the shape factor and the plastic section modulus 
of members with a nonrectangular section. 
Section 4.10 deals with the determination of the 
plastic moment of members made of an 


elastoplastic material and possessing a single 
plane of symmetry, while Sec. 4.11 discusses 
residual stresses . 

Section 4.12 shows how the stresses due 
to a two-dimensional eccentric axial loading 
can be obtained by replacing the given eccentric 
load by a centric load and a couple, and 
superposing the corresponding stresses. 
Attention is called to the fact that the neutral 
axis does not pass through the centroid of the 
section. 

Section 4. 1 3 deals with the unsymmetric 
bending of elastic members. It is first shown that 
the neutral axis of a cross section will coincide 
with the axis of the bending couple if, and only 
if, the axis of the couple is directed along one of 
the principal centroidal axes of the cross section. 
It is then shown that stresses due to 
unsymmetric bending can always be determined 
by resolving the given bending couple into two 
component couples directed along the principal 
axes of the section and superposing the 
corresponding stresses. 

This method of analysis is extended in 
Sec. 4.14 to the determination of the stresses 
due to an eccentric axial loading in 
three-dimensional space. The eccentric load is 
replaced by an equivalent system consisting of a 
centric load and two bending couples, and the 
corresponding stresses are superposed. 

Section 4.15 is optional; it deals with the 
bending of curved members. 

Chapter 5 

Analysis and Design of Beams for Bending 

In Sec. 5.1 beams are defined as slender 
prismatic members subjected to transverse loads 
and are classified according to the way in which 
they are supported. It is shown that the internal 
forces in any given cross section are equivalent 
to a shear force V and a bending couple M. The 
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bending couple M creates normal stresses in the 
section, while the shear force V creates shearing 
stresses. The former is determined in this 
chapter, using the flexure formula (5.2), while the 
latter will be discussed in Chap. 6. 

Since the dominant criterion in the design 
of beams for strength is usually the bending 
stresses in the beam, the determination of the 
maximum value of the bending moment in the 
beam is the most important factor to be 
considered. To facilitate the determination of the 
bending moment in any given section of the beam, 
shear and bending-moment diagrams will be 
drawn, using free-body diagrams of various 
portions of the beam (Sec. 5.2). 

An alternative method, based on relations 
among load, shear, and bending moment, is 
presented in Sec. 5.3. To maintain the interest of 
the students, most of the problems to be assigned 
are focused on the engineering applications of 
these methods and call for the determination, not 
only of the shear and bending moment, but also of 
the normal stresses in the beam. 

Section 5.4 is devoted to the design of 
prismatic beams based on the allowable normal 
stress for the material used. Sample Problems and 
problems to be assigned include wooden beams 
of rectangular cross section, as well as rolled- 
steel W and S beams. An optional paragraph on 
page 334 describes the application of Load and 
Resistance Factor Design to beams under 
transverse loading. 

Section 5.5 introduces the concept of 
singularity functions and shows how these 
functions can provide an alternative and effective 
method for the determination of the shear and 
bending moment at any point of a beam under the 
most general loading condition. While this section 
is optional, it should be included in the lesson 
schedule if singularity functions are to be used 
later for the determination of the slope and 
deflection of a beam (Sec. 9.6). It is pointed out 


on page 348 that singularity functions are 
particularly well suited to the use of computers, 
and several optional problems requiring the use 
of a computer (Probs. 5.129 through 5.136) 
have been included in this assignment. 

Section 5.6, which is optional, is devoted 
to nonprismatic beams , such as forged or cast 
beams designed to be of constant strength, and 
rolled-steel beams reinforced with cover plates. 

Chapter 6 

Stresses in Beams and Thin-Walled Members 
Due to Shear 

It is shown in Sec. 6. 1 that a transverse 
load creates shearing stresses as well as normal 
stresses in a beam. Considering first the 
horizontal face of a beam element, it is shown in 
Sec. 6.2 that the horizontal shear per unit length 
q, or shear flow, is equal to VQ/I. This result is 
applied in Example 6.01 to the determination of 
the shear force in the nails connecting three 
planks forming a wooden beam, as well as in 
Probs. 6.1 through 6.8. 

In Sec. 6.3 the average shearing stress 
r ave exerted on the horizontal face of the beam 
element is obtained by dividing the shear flow q 
by the width t of the beam; 



Note that since the shearing stresses and T yx 
exerted at a given point are equal, the expression 
obtained also represents the average shearing 
stress exerted at a given height on a vertical 
section of the beam. This formula is used to 
determine shearing stresses in a beam made of 
glued planks in Sample Prob. 6.1 and to design 
a timber beam in Sample Prob. 6.2. Problems 
6. 1 1 through 6.14 and 6.21 through 6.24 call for 
the determination of shearing stresses in various 
types of beams. 
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In Examples 6.02 and 6.03 the designs 
obtained on the basis of normal stresses, 
respectively, for a timber beam in Sample Prob. 

5.7 and for a rolled-steel beam in Sample Prob. 

5.8 are checked and found to be acceptable from 
the point of view of shearing stresses. Problems 
6. 1 5 through 6. 1 8 call for a similar verification of 
beam designs obtained in Chap. 5. 

Section 6.5 is optional and discusses the 
distribution of stresses in a narrow rectangular 
beam. 

In Sec. 6.6 the expression q = VQ/l 
obtained on Sec. 6.. 2 for the shear flow on the 
horizontal face of a beam element is shown to 
remain valid for the curved surface of a beam 
element of arbitrary shape. It is then applied in 
Example 6.04 and in Probs. 6.29 through 6,33 to 
the determination of the shearing forces and 
shearing stresses in nailed and glued vertical 
surfaces. 

Section 6.7 deals with the determination 
of shearing stresses in thin-walled members and 
shows that Eq. (6.6) can be applied to the 
determination of the average shearing stress in a 
section of arbitrary orientation. 

Section 6.8, which is optional, describes 
the formation of plastic zones in beams subjected 
to transverse loads. 

Section 6.9, which is also optional, deals 
with the unsymmetric loading of thin-walled 
members, the determination of the shear center , 
and the computation of the shearing stresses 
caused by a shearing force exerted at the shear 
center. 

Chapter 7 

Transformations of Stress and Strain 

After a short introduction (Sec. 7.1), 
formulas for the transformation of plane stress 
under a rotation of axes are derived in Sec. 7.2, 


while the principal planes of stress, principal 
stresses, and maximum shearing stress are 
determined in Sec. 7.3. 

Section 7.4 is devoted to the use of 
Mohr's circle. It should be noted that the 
convention used in the text provides for a 
rotation on Mohr's circle in the same sense as 
the corresponding rotation of the element; in 
other words, this convention is the same as that 
used in statics for the transformation of moments 
and products of inertia. Attention is called to the 
statement at the top of page 439 of the text and 
the accompanying Fig. 7.20. 

Section 7.5 discusses the general 
( three-dimensional) state of stress and 
establishes the fact that three principal axes of 
stress and three principal stresses exist. Section 
7.6 shows how three different Mohr's circles can 
be used to represent the transformations of 
stress associated with rotations of the element 
about the principal axes. The results obtained are 
used to show that in a state of plane stress, the 
maximum shearing stress does not necessarily 
occur in the plane of stress. 

Sections 7.7 and 7.8 are optional. 
Section 7.7 presents the two criteria most 
commonly used to predict whether a ductile 
material will yield under a given state of plane 
stress, while Sec. 7. 8 discusses the two criteria 
used to predict the fracture of brittle materials. 

Section 7.9 deals with stresses in 
thin-walled pressure vessels ; it is limited to the 
analysis of cylindrical and spherical pressure 
vessels. 

The second part of the chapter (Secs. 

7. 1 0 through 7. 1 3) deals with transformations of 
strain and is optional. Section 7. 10 presents the 
derivation of the formulas for the transformation 
of strain under a rotation of axes. It should be 
noted that this derivation is based on the 
consideration of an oblique triangle (Fig. 7.62) 
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and the use of the law of cosines, and that the 
determination of the shearing strain is facilitated 
by the use of Eq. (7.43), which relates it to the 
normal strain along the coordinate axes and their 
bisector. 

Section 7.11 introduces Mohr 's circle for 
plane strain , and Sec. 7.12 discusses the three- 
dimensional analysis of strain and its application 
to the determination of the maximum shearing 
strain in states of plane strain and of plane stress. 
Section 7. 13 deals with the use of strain rosettes 
for the determination of states of plane strain. 

Chapter 8 

Principal Stresses under a Given Loading 

This chapter is devoted to the 
determination of the principal stresses and 
maximum shearing stress in beams, transmission 
shafts subjected to transverse loads as well as to 
torques, and bodies of arbitrary shape under 
combined loadings. 

In Sec. 8.1 it is shown that, while only 
normal stresses occur on a square element with 
horizontal and vertical faces located at the surface 
of a beam, shearing stresses will occur if the 
element is rotated through 45 0 (Fig. 8.1). The 
reverse situation is observed for an element with 
horizontal and vertical faces subjected only to 
shearing stresses (Fig. 8.2). The analysis of 
beams, therefore, should include the 
determination of the principal stresses and 
maximum shearing stress at various points. 

This is done in Sec. 8.3 for cantilever 
beams of various rectangular sections subjected 
to a single concentrated load at their free end. 
It is found that the principal stress a max does 
not exceed the maximum normal stress o m 
determined by the method of Chap. 5 except very 
close to the load. While this result holds for most 
beams of nonrectangular section, it may not be 
valid for rolled-steel W and S beams, and the 
analysis and design of such beams should include 
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the determination of the principal stress o i ^ at 
the junction of the web with the flanges of the 
beam. (See Sample Probs. 8.1 and 8.2, and 
Probs. 8.1 through 8.14). 

Section 8.3 is devoted to the analysis and 
design of transmission shafts using gears or 
sprocket wheels to transmit power to and from 
the shaft. These shafts are subjected to 
transverse loads as well as to torques. The 
design of such shafts is the subject of Sample 
Prob. 8.3 and Probs. 8.15 through 8.30. 

The determination of the stresses at a 
given point K of a body due to a combined 
loading is the subject of Sec. 8.4. First, the 
loading is reduced to an equivalent system of 
forces and couples in a section of the body 
containing K. Next, the normal and shearing 
stresses are determined at K. Finally, using one 
of the methods of transformation of stresses 
presented in Chap. 7, the principal planes, 
principal stresses, and maximum shearing stress 
may be determined at K. This procedure is 
illustrated in Example 8.01 and Sample Probs. 
8.4 and 8.5. 


Chapter 9 
Deflection of Beams 

The relation derived in Chap. 4 between 
the curvature of a beam and the bending moment 
is recalled in Sec. 9.2 and used to predict the 
variation of the curvature along the beam. In 
Sec. 9.3, the equation of the elastic curve for a 
beam is obtained through two successive 
integrations, after the bending moment has been 
expressed as a function of the coordinate x. 
Examples 9.01 and 9.02 show how the boundary 
conditions can be used to determine the two 
constants of integration in the cases of a 
cantilever beam and of a simply supported beam. 
Example 9.03 indicates how to proceed when 
the bending moment must be represented by two 
different functions of x. 



Section 9.4 is optional; it shows in the 
case of a beam supporting a distributed load, how 
the equation of the elastic curve can be obtained 
directly from the function representing the load 
distribution through the use of four successive 
integrations. 

Section 9.5 is devoted to the analysis of 
statically indeterminate beams and to the 
determination of the reactions at their supports. It 
is suggested that a minimum of two lessons be 
spent on Secs. 9.2 through 9.5 if neither the use 
of singularity functions (Sec. 9.6) nor the 
moment-area method (Secs. 9.9 through 9.14) 
are to be covered in the course. 

Section 9.6 is devoted to the use of 
singularity functions for the determination of 
beam deflections and slopes. It is optional and 
assumes that Sec. 5.5 has been covered 
previously. It is recommended that both Secs. 5.5 
and 9.6 be included in the course, since 
singularity functions provide the students with an 
effective and versatile method for the 
determination of deflections and slopes under the 
most diverse loading conditions. In addition, and 
as indicated earlier, singularity functions are well 
suited to the use of computers. Two problems 
requiring the use of computers (Probs. 9.49 and 
9.50) may be included in this assignment. 

Section 9.7 discusses the method of 
superposition for the determination of beam 
deflections and slopes. It shows how the 
expressions given in Appendix D for various 
simple loadings can be used to obtain the 
deflection and slope of a beam supporting a more 
complex loading. In Sec. 9.8, the method of 
superposition is applied to the determination of 
the reactions at the supports of statically 
indeterminate beams. 

Sections 9.9 through 9.14 are optional. 
They deal with the application of the moment- 
area methods to the determination of the 
deflection of beams and may be omitted in 


courses that place a greater emphasis on 
analytical methods and make use of singularity 
functions. It should be noted, however, that 
these methods provide a very practical means for 
the determination of the deflection and slope of 
beams of variable cross section. 

The two moment-area theorems are 
derived in Sec. 9.9 and are immediately applied 
in Sec. 9. 1 0 to the computation of the slope and 
deflection of cantilever beams and beams with 
symmetric loadings (simply supported or 
overhanging beams). Section 9.1 1 shows how to 
draw a bending-moment diagram by parts. This 
approach greatly facilitates the determination of 
moment areas in all but the simplest loading 
situations. 

Section 9.12 deals with simply 
supported and overhanging beams with 
unsymmetric loadings. The analysis of such 
beams hinges on the use of a reference tangent 
drawn through one of the supports after the 
tangential deviation of the second support has 
been computed from the bending-moment 
diagram. Section 9.13 describes how to locate 
the point of maximum deflection and how to 
compute that deflection. 

Section 9.14 deals with the analysis of 
statically indeterminate beams and the 
determination of the reactions at their supports. 

Chapter 10 
Columns 

Section 10.2 introduces the concept of 
stability of a structure. The example considered 
in this section consists of a block supported by 
two spring-connected rigid rods. It is shown that 
the position of equilibrium in which both rods 
are aligned is stable if this position is the only 
possible position of equilibrium of the system. 
The same criterion is applied to an elastic 
pin-ended column in Sec. 10.3 in order to derive 
Euler's formula. Section 10.4 shows how Euler's 
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formula for pin-ended columns can be used to 
determine the critical load of columns with other 
end conditions. 

Section 10.5 is optional; it deals with the 
eccentric loading of a column and gives the 
derivation of the secant formula. 

Section 10.6 discusses the design of 
columns under a centric load and presents the 
empirical formulas developed by various 
engineering associations for the design of steel 
columns, aluminum columns, and wood columns. 
Page 643 is devoted to an optional discussion of 
the application of Load and Resistance Factor 
Design to steel columns. 

Section 10.7 discusses the design of 
columns under an eccentric load and presents 
two of the most frequently used methods: the 
allowable-stress method and the interaction 
method. 


Chapter 11 
Energy Methods 

Section 11.2 introduces the concept of 
strain energy by considering the work required to 
stretch a rod of uniform cross section. This work, 
which is equal to the area under the 
load-deformation curve, represents the strain 
energy of the rod. The strain-energy density is 
defined in See. 11.3, as well as the modulus of 
toughness and the modulus of resilience of a 
given material. The formula for the elastic strain 
energy associated with normal stresses is derived 
in Sec. 11.4, as well as the expressions for the 
strain energy corresponding to an axial loading 
and to pure bending. The formula for the strain 
energy associated with shearing stresses is 
derived in Sec. 11.5, as well as the expressions 
corresponding to torsion and transverse loading. 


Section 11.6, which is optional, covers 
the strain energy for a general state of stress and 
derives an expression for the distortion energy 
per unit volume , both in the general case 
of three-dimensional stress and in the particular 
case of plane stress. 

Section 11.7 discusses impact loadings 
and Sec. 11.8 the design of a structure for an 
impact load. To facilitate the solution of impact- 
loading problems, it is shown in Sec. 1 1.9 that 
the strain energy of a structure subjected to a 
single concentrated load P can be obtained by 
equating the strain energy to the work of P. 
(Appendix D is used to express the deflection in 
terms of P). As shown in Sec. 1 1 . 10, the reverse 
procedure can be used to determine the 
deflection of a structure at the point of 
application of a single load P or a single couple 
M; the strain energy of the structure is 
computed from one of the formulas derived in 
Secs. 1 1.4 and 1 1.5, and the work of P or M is 
equated to the expression obtained for the strain 
energy. 

Sections 11.11 through 11.14 are 
optional. In Sec. 11.11 an expression for the 
strain energy of a structure subjected to several 
loads is obtained by computing the work of the 
loads as they are successively applied. Reversing 
the order in which the loads are applied, one 
proves Maxwell's reciprocal theorem. The 
expression obtained for the strain energy of the 
structure is used in Sec. 11.12 to prove 
Castigliano's theorem. Section 11.13 is devoted 
to the application of Castigliano's theorem to the 
determination of the deflection and slope of a 
beam and to the deflection of a point in a truss. 
Finally, Sec. 11.14 deals with the application of 
Castigliano's theorem to the determination of the 
reactions at the supports of statically 
indeterminate structures such as beams and 
trusses. 
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TABLE I: LIST OF TOPICS COVERED IN MECHANICS OF MATERIALS, 3 rd edition 

Suggested Number of Periods 

Core Additional Advanced 
Sections Topics Topics Topics Topics 

Chapter 1 : Introduction - Concept of Stress 

1.1- 10 Stress Under Axial Loading 1 - 2 

1.11- 13 Components of Stress; Factor of Safety 1 

Chapter 2: Stress and Strain - Axial Loading 

2.1- 8 Stress-Strain Diagrams; Deformations Under 1 - 2 

Axial Loading 

2.9-10 Statically Indeterminate Problems 1 

2. 1 1- 12 Poisson’s Ratio; Generalized Hooke’s Law 1 

*2.13 Dilatation; Bulk Modulus 

2.14-15 Shearing Strain 0 . 5 

*2.16 Stress-Strain Relationships for F iber-Reinforced 

Composite Materials 

2.17-19 Stress Concentrations; Plastic Deformations 0.5-1 

*2.20 Residual Stresses 


0.25-0.5 
0.5 - 1 

0.5 


Chapter 3: Torsion 

3.1- 4 Stresses in Elastic Range 1 

3.5- 6 Angle of Twist; Statically Indeterminate Shafts 1 - 2 

3.7-8 Design of Transmission Shafts; Stress 1 

Concentrations 

*3.9-11 Plastic Deformations; Residual Stresses 1 - 2 

*3.12-13 Noncircular Members; Thin-Walled Hollow Shafts 1 - 2 

Chapter 4: Pure Bending 

4.1- 5 Stresses in Elastic Range 

4.6- 7 Members Made of Several Materials; Stress 

Concentrations 

*4.8-1 1 Plastic Deformations; Residual Stresses 
4.12 Eccentric Axial Loading 

4.13-14 Unsymmetric Bending; General Eccentric 

Axial Loading 

*4.15 Bending of Curved Members 


Chapter 5: Analysis and Design of Beams for Bending 

5.1-2 Shear and Bending-Moment Diagrams 1-1.5 

5.3 Using Relations among w, V, and M 1-1.5 

5.4 Design of Prismatic Beams in Bending 1 - 2 

*5.5 Use of Singularity Functions to Determine V and M 1 - 2 

*5.6 Nonprismatic Beams 1-2 


Chapter 6: Shearing Stresses in Beams and 
Thin- Walled Members 

6.1-4 Shearing Stresses in Beams 

*6.5 Shearing Stresses in Narrow Rectangular Beam 

6.6-7 Shearing Stresses in Thin-Walled Members 

*6.8 Plastic Deformations 

*6.9 Unsymmetric Loading; Shear Center 



1-2 

1-2 


1 -2 
1-2 
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TABLE I: LIST OF TOPICS COVERED IN MECHANICS OF MATERIALS, 3 rd edition 

(CONTINUED) 

Suggested Number of Periods 




Core 

Additional 

Advanced 

Sections 

Topics 

^Topics 

Topics 

Topics 

Chapter 

7: Transformation of Stress and Strain 




7.1-3 

Transformation of Plane Stress 

1-2 



7.4 

Mohr’s Circle for Plane Stress 

1-2 



7.5-6 

Three-Dimensional Analysis of Stress 

0.5-1 



*7.7-8 

Yield and Fracture Criteria 


0.5-1 


7.9 

Thin-Walled Pressure Vessels 

0.5-1 



*7.10-12 

Analysis of Strain; Mohr’s Circle 


1 - 1.5 


*7.13 

Strain Rosette 


0.5 


Chapter 8: Principal Stresses under a Given Loading 




*8.1-2 

Principal Stresses in a Beam 


0.5- 1 


*8.3 

Design of Transmission Shafts 


0.5- 1 


*8.4 

Stresses under Combined Loadings 


1-3 


Chapter 

9: Deflection of Beams 




9.1-3 

Equation of Elastic Curve 

0.5-1 



*9.4 

Direct Determination of Elastic Curve from 


0.5 



Load Distribution 




9.5 

Statically Indeterminate Beams 

0.5-1 



*9.6 

Use of Singularity Functions 


1 -2 


9.7-8 

Method of Superposition 

1-2 




Application of Moment- Area Theorems to: 




*9.9-11 

Cantilever Beams and Beams with 


1 -2 



Symmetric Loadings 




*9.12-13 

Beams with Unsymmetric Loadings; Maximum 


1 - 1.5 



Deflection 




*9,14 

Statically Indeterminate Beams 


0.5 


Chapter 10: Columns 




10.1-4 

Euler’s Column Formula 

1-2 



*10.5 

Eccentric Loading; Secant Formula 


1 


10.6 

Design of Columns under a Centric Load 


1-2 


10.7 

Design of Columns under an Eccentric Load 


1 -2 


Chapter 11: Energy Methods 




11.1-5 

Strain Energy 


1 -2 


*11.6 

Strain Energy for General State of Stress 


0.5 


11.7-9 

Impact Loading 


0.5-1 


11.10 

Deflections by Work-Energy Method 


0.5 - 1 


*11.11-13 Castigliano’s Theorem 


1 -2 


*11.14 

Statically Indeterminate Structures 


1 -2 



Total Number of Periods 


24-4M 


21-38‘/j 3-6 


TABLE II: CLASSIFICATION AND DESCRIPTION OF PROBLEMS (CONTINUED) 


Problem Number* 

SI Units U.S. Units 

Problem description 

2.33,34 

2.35,38 

Statically indeterminate structures (constant temperature): 
with members undergoing equal deformations 

2 .36,37 
2.39,42 

2.40,41 

composite rods with both ends restrained 

2.43 

2.47.48 

2.44 

with members undergoing unequal deformations 

2.49,51 

2 .45,46 

2.50 

Statically indeterminate structures (with temperature changes): 
with members undergoing equal deformations 

2.52 

2.55 


2.54 

2.53 ,56 

composite rods with both ends restrained 

2.57,58 

2.59,60 

rods with gaps 

2.61,62 



2.64,65 

2.66,67 

2.71,72 

2.75,76 

2.77,78 

2.81,82 

*2.83, *86 
*2 .89, *90 
*2,91 

2.63,68 

2.69,70 

2.73.74 

2.79,80 

*2.87,*88 
*2.84, *85 

*2.92 

Poisson’s ratio and generalized Hooke’s law: 
uniaxial loading 

biaxial loading 
derivation of formulas 

Hooke’s law for shearing stress and strain 

Problems involving cylindrical coordinates 

Dilatation 

Problems involving composites 

Theory problems 

2.95,96 

2.93,94 

Stress concentrations in flat bars 

2.99,100 

2 .97,98 

Plastic deformations under axial loading: 

2.101,102 
2.705, 106 

2.103,104 

simple problems 

2.107,108 

2 .109,110 

2.111,112 

more complex problems 

2.113,114 

*2.1 15,*I 16 

problems involving residual stresses 

2.117,118 

2 .119*120 

problems involving temperature changes 

2.121,122 


problems involving a structure 


*2.123 


2.125 ,126 

2.124,727 

Review problems 

2.131,132 

2.128,729 


2.133,734 

2.130,135 


2.C1,C3,C6 

2.C2,C4,C5 

Computer problems 


* Problems that do not involve any specific system of units have been indicated by underlining their number. 
Answers are not given to problems with a number set in italic type. 
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TABLE II: CLASSIFICATION AND DESCRIPTION OF PROBLEMS (CONTINUED) 


Problem Number* 

SI Units U.S. Units 

Problem description 


CHAPTER 3: 

TORSION 



Shearing stresses: 

3.1,2 

3.3,4 

in simple shafts 

3.5,6 

3 .7,8 


3.9,10 

3.11,12 

in shafts subjected to several torques 

3 .13,14 



3.17,19 

3.15,16 

in composite shafts 

3.18,20 



3.21,22 

3.23,24 

in gear-connected shafts 

3.26,27 

3.25 ,28 


3.29 

3.30 

special problems 



Angle of twist: 

3.31,35 

3.32,33 

in simple shafts 

3 .34,36 



3.37 

3.38 

in composite shafts 

3.39,40 

3.41,42 

in gear-connected shafts 

3.44 

3.43 


3.45,47 

3.46,48 

Design of shafts based on allowable stress and allowable angle of twist 

3.49 

3.50,57 




Statically indeterminate shafts: 

3.52,53 

3.54,55 

with inner core and outer shell of different materials 

3.56,57 


connected end to end 

3.58,59 



3 .60 



3.61 


with jacket applied 

3.64.66 

3.62,63 

Special problems 


3.65 




Design of shafts: 

3.67,70 

3.68,69 

easy problems with solid shafts 

3.71,73 

3.72,75 

hollow shafts 

3.74,76 




3.77,78 

including angle of twist 

3 .79,80 


gear-connected shafts 

3.82,83 

3.81,84 

multiple-criteria problems 

3 .85,86 



3.87,88 

3.89,90 

Stress concentrations in stepped shafts 

3.91 

3.92,93 



* Problems that do not involve any specific system of units have been indicated by underlining their number. 
Answers are not given to problems with a number set in italic type. 
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TABLE II: CLASSIFICATION AND DESCRIPTION OF PROBLEMS (CONTINUED) 


Problem Number* 

SI Units U.S. Units 

Problem description 

3.94,96 

3.95,97 

Plastic deformations of shafts: 

Shafts made of elastoplastic material: 
stresses in solid shafts 

3.100,101 

3.95 

3.99,102 

angle of twist for solid shafts 

3.104,105 

3.103,796 

hollow and tapered shafts 

3.108 

3.7 07 

derivation 

3.111,112 

3.109,110 

Shafts made of a material with a nonlinear stress-strain diagram 

3.113,115 

3.114,118 

Residual stresses and permanent angle of twist in shafts made of an 

3.116,117 

3.121 

elastoplastic material 

3.119,120 

3.121 


3.124,125 

3.122,123 

Bars with rectangular cross section: 
easy problems 

3 .725 
3.727,129 

3.131.132 

comparing circular and rectangular shafts 

3.130 

3.133,136 

3.134,135 

application to structural shapes 

3.137, 138 

3.139,140 

Thin-walled hollow shafts: 
determine shearing stresses 

3.141,142 

3.143,144 


3.145,146 

3.147 


3.148 

3.149 

Special problems 

3.752,153 

3.759,151 

Review problems 

3.154,155 

3.156,157 


3.755,161 

3.159,769 


3.C1,C2,C3 

3.C4,C5 1 C6 

Computer problems 


* Problems that do not involve any specific system of units have been indicated by underlining their number. 
Answers are not given to problems with a number set in italic type. 


xxi 


TABLE II: CLASSIFICATION AND DESCRIPTION OF PROBLEMS (CONTINUED) 


Problem Number* 

SI Units U.S. Units Problem description 

4.2,3 

4.1,5 

CHAPTER 4: PURE BENDING 

Normal stresses: 

in beams with horizontal plane of symmetry 

4.4,6 

4.7.8 


4.9,12 

4.10,11 

in unsymmetrical beams (first locate centroid) 

4.13,14 

4.15,16 

Resultant force on portion of cross section 

4.19,20 

4.17,18 

4.21.24 

Beams with different allowable stresses in tension and compression 

4.22,23 

4.29,30 

4.25,26 

Maximum stress and radius of curvature 

4.31,32 

4.21,28 

4.33.34 

Maximization of beam strength 

4.37,38 

4.35,36 

Anticlastic curvature 

4.38 


Special problem on theory 

4.39,40 

4.43,44 

Stresses in composite beams: 
symmetric beams of two materials 

4 .41,42 
4.45,46 

4.47,48 

unsymmetric beams of two materials 

4.49,50 

4.51,52 

Radius of curvature in composite beams 

4.53,54 

5,57,58 

Stresses in reinforced concrete beams 

4.55,56 

4.59 


4.60 

4.61 

in beams with balanced design 


4.62,63 

Beams of three materials 

4.65,66 

4.64 

Composite beams with circular cross section 

4.67 

*4.68 

Beams with different moduli of elasticity in tension and compression 

4.69,70 

4.71,72 

Stress concentrations in flat bars in pure bending 

4.73,74 





Plastic deformation in pure bending (elastoplastic material): 

4.75,76 

4.11,78 

plastic zone in rectangular beams 

4.80.81 

4.79,52 

plastic zone and radius of curvature for symmetric beams 

4.83 ,84 

4.85,86 

plastic zones of given thickness 

4.57,88 

4.89,90 

plastic moment and shape factor of symmetric beams 

4.91 ,92 

4.93.94 

plastic moment of unsymmetric beams 

4.96 

4 .95 

plastic moment of thick-walled pipe 



Residual stresses in symmetric beams: 

4.97,98 

4.99,100 

after M p has been applied and removed 

4.101,102 

4.103,104 

after a given plastic zone has been developed 



Special problems: 

*4.105.108 

4.106,707 

residual radius of curvature 

4.109,770 

4.111,772 

Plastic deformation of beams with a nonlinear stress-strain diagram 

4.113 

4.114 



* Problems that do not involve any specific system of units have been indicated by underlining their number. 
Answers are not given to problems with a number set in italic type. 
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TABLE II: CLASSIFICATION AND DESCRIPTION OF PROBLEMS (CONTINUED) 


Problem Number* 

SI Units U.S. Units 

Problem description 

4.11 

4.118,119 

Eccentric loading in plane of symmetry of member: 
find stress in symmetric section 

4.1 17,720 

4.121 

4.123,125 

4.122.124 

design of symmetric section 

4.126 

4.127,1 28 


4.130,131 

4.129,133 

find stress in unsymmetric section 

4.132,136 

4.134,135 

4.137,140 

4.138,139 

computation of loads from strain measurements 

4 .141 
4.143,144 

4.142 

special problems 

4.146,149 

4.145,137 

Unsymmetric bending with one or two planes of symmetry: 
bending moment at an angle with horizontal 

4.151,152 

4.148,150 

4,153,155 

section at an angle with horizontal 

4 .154,156 
*4.158 

*4.157 *159 

Bending of unsymmetric section (principal axes must be determined) 

4.160,;<tt 

4.162,163 

General eccentric bending: 
symmetric beam; find stresses 

4.164,7*5 


symmetric beam; find allowable load or dimension 

4.166,167 

4.170,171 

4.168 ,169 

Bending of unsymmetric beams; determine largest bending moment 

4.173 

4.172 

4.176.177 

4.174,175 

Special problems and problems on theory 

4.178 

4.179 

4.180,181 

4.182,183 

Curved beams: 

with rectangular cross section 
in pure bending 

4.184,185 

4.188,189 

4.186,187 

under eccentric loading 

4.192,193 

4.190,191 

with unsymmetric cross section 

4.194,197 

4.195,196 

with circular cross section 

4.198 

4.201,202 

4.7 99,200 

with trapezoidal cross section 


4.203,204 

with triangular cross section 

4.206.*207 

4.205 

4.208.209 

special problems and derivations of formulas 

4.210 







Answers are not given to problems with a number set in italic type. 
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TABLE II: CLASSIFICATION AND DESCRIPTION OF PROBLEMS (CONTINUED) 


Problem Number* 

SI Units U.S. Units 

Problem description 

4.2X2,213 

4.211,214 

Review problems 

4.215.2X1 

4.276,218 


4.219,221 

4.220,222 


4.C1,C3 

4.C2,C4 

Computer problems 

4.C5.C7 

4.C6 



CHAPTER 5: 

ANALYSIS AND DESIGN OF BEAMS FOR BENDING 

ua 

5J.4 

Using the free-body diagram of a portion of a beam: 
draw V and M diagrams (easy problems) 

5.5.6 

5,7,8 

write equations for V and M 

5.9.10 

5.11.72 


5.13,14 

5.15,16 

draw V and M diagrams and determine maximum values of | V | and | M \ 

5.17,19 

5.18,20 


5.21,23 

5.22,24 

find maximum normal stress in given beam section 

5.25,26 

5.27,28 

5.29,30 

draw V and M diagrams and find maximum normal stress in beam 

5.31,32 

5.33,34 

5.35,36 

determine given parameter to minimize normal stress in beam 

5.37 

5.38 

hinged beams 

5.39 

5.40 

beams subjected to their own weight 

5.4 L42 

5.43.44 

Using relations among w, V and M whenever appropriate: 
draw V and M diagrams (easy problems) 

5.45.46 

5.47,48 

5.49,50 

draw V and M diagrams and determine maximum values of | V | and | M \ 

5.51,52 

5.53,55 

5.54,56 

find maximum normal stress in a given beam section 

5.57.58 

5.59.60 

write equations for V and Mand find maximum value of \M \ 

5.61,62 

5.63,64 

draw V and M diagrams and find maximum normal stress in beam 

5.67,68 

5.65,66 


5.69.*71 

5.70, *72 

Special problems 

*5. 73 ; *74 




* Problems that do not involve any specific system of units have been indicated by underlining their number. 
Answers are not given to problems with a number set in italic type. 
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TABLE II: CLASSIFICATION AND DESCRIPTION OF PROBLEMS (CONTINUED) 


Problem Number* 


SI Units 

U.S. Units 

Problem description 

5.75,76 

5.77,78 

Design of timber beams 

5.79,80 



5.81,82 

5.83,84 

Design of steel beams, W shapes 

5.85,86 

5.87,88 

Design of steel beams, S shapes 

5.89,90 

5.91,92 

Design of steel beams, miscellaneous shapes 

5.93 

5.94 

Design of beams resting on ground 

5.95,96 

5 .97,98 

Find allowable load for beam of unsymmetric cross section with 



allowable stresses in tension and compression 

5.99,100 

5.101,102 

Design of beam systems 

5 .103,104 



*5. 107,* 108 

*5.105,* 106 

Design of beams using LRFD 



Using singularity functions write equations for V(x) and Mix) and 

5.111.112 

5.109,110 

find M at given point in beam 

5.113.114 

5 .115.116 


5.117,118 

5.119 

find \M | max in beam 

5 .120 



5.122 

5.121 

find (7 max in beam 

5.123,124 


find \M 1™* and a mtx in beam 

5 .127,128 

5.125,126 

design beam, knowing allowable stress 



Using a computer and step functions, 

5.129,130 

5.131,132 

calculate V and M along the beam 

5.133,134 

5 .135,136 

calculate V and M along the beam , and determine o max in the beam 



Nonuniform beams 



Beams of constant strength: 

5.137,138 

5,139,140 

beams of uniform width and variable depth 

5 .141,142 



5.143,144 

5.145,146 

built-up timber beams 

5.147,148 


beams of circular cross section 


5 .149,150 

beams of uniform depth and variable width 

5.151,152 

5.153,154 

Rolled-steel beams with cover plates 

5.155,158 

5 .156,157 


5.159,160 

5,163,164 

Tapered beams 

5 .161,162 



5.166,765 

5.165,167 

Review problems 

5.170,172 

5.169,777 


5.173,175 

5.174,176 


5.C1,C2 

5.C3,C4 

Computer problems 

5.C6 

5.C5 




Answers are not given to problems with a number set in italic type. 
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TABLE II: CLASSIFICATION AND DESCRIPTION OF PROBLEMS (CONTINUED) 


i 


Problem Number* 

SI Units U.S. Units 

Problem description 

o 

Jf 

1 

/ 


CHAPTER 6: SHEARING STRESSES IN BEAMS AND THIN- WALLED MEMBERS 

_ 

j' 

1 

6.1,2 

6.3,4 

Shearing forces in nails and bolts, using horizontal cuts 

r 

i 

~ j 

6.5,6 

6.7,5 



i 

6.11,12 

6.9,10 

Shearing stresses in beams 


i 

6.13,14 





6.15,17 

6.16,18 

Checking earlier designs of beams for shearing stresses 


! 

6.19,20 


Minimum permissible depth of timber beams 

L 

J j 

6.21,23 

6.22,24 

Beams with unsymmetric sections 


i 

l 

6.25 


Beams made of sections welded together 


ii 

6.26 

6.27.25 

Beams with various geometric sections 

- 

J! 

6.29,30 

6.31,32 

Shearing forces and shearing stresses on arbitrary cuts due to vertical shear 


1 

6.33,34 




j 

6.35,36 

6.37,38 

Shearing stresses in extruded beams 


i 

6.39,40 

6.41,42 


r 

l 

1 

6.43,44 

6.45,46 

Shearing stresses in bolts 

L. 

J i 

6.47,48 

6.49,50 

Shearing stresses and shear flow in thin-walled members 


J 

6.51,52 

6.53,54 



l! 

6.55 

6.56 

Derivation of formulas 


Ji 

6 .57,58 

6.59,60 

Shearing stresses in composite beams 

/-Nr 


6.61.62 

6.63.64 

Shear center in thin-walled beams with horizontal and vertical portions 

O 

! 

j 

6.65,66 

6.67,68 

Shear center and shearing stresses in extruded beams 


n i 

6.71,72 

6.69,70 

Shear center in thin-walled beams with oblique portions 


i 

6 .73.74 


Shear center in thin-walled beams with circular portions 


! 

6.77,78 

6.75,76 

Problems involving location of shear center 


\ 

6.79 

6.80 

Special problems 


/ 

*6.81, *82 

*6.83,*84 

Shearing stresses in semicircular shapes, angle shapes and Z shapes 



*6.85,*86 

*6.57, *55 



i 

6.89,90 

6.97,92 

Review problems 


i 

6.93 ,96 

6.94,95 



j 

6.97,99 

6.98 ,100 



i 

6.C1 

6.C2 

Computer problems 

- 

1 

i 

6.C3.C4 

6.C5.C6 


L 

j 



* Problems that do not involve any specific system of units have been indicated by underlining their number. 
Answers are not given to problems with a number set in italic type. 
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TABLE II: CLASSIFICATION AND DESCRIPTION OF PROBLEMS (CONTINUED) 


Problem Number* ' “ ~ 

SI Units U.S. Units Problem description 

CHAPTER 7: TRANSFORMATION OF STRESS AND STRAIN 

Find stresses on oblique plane from equilibrium of wedge 
Find principal planes and stresses 

Find planes of maximum shearing stress and corresponding stresses 
Find stresses on a given plane 
Stresses on oblique planes - simple applications 

Find principal stresses and/or maximum shearing stress in loaded shaft 
Special problems involving determination of a stress to satisfy a given 
requirement 


7.3,4 

7.1,2 

7.7,8 

1 . 5,6 

7.11,13 

7.9,10 

1 . 12.14 

7.15,16 

7.17,20 

7.18,19 

7 . 21,22 


7.23,24 

7.25,26 

7.29,30 

1 . 21,28 


7.31,32 

7.33,34 

1 . 35,36 

7.37,38 

139,42 

1 . 40,41 

7.43,44 


7.45,46 

7.47,48 

7.51,52 

1 . 49,50 

7.53 


7.54,58 

1 . 55,56 

7.59 

1 . 57,60 

7.61,62 

7.63 

7.64 

7.65 

7.66,67 

1 . 68,69 

7.70,71 

1 . 12,73 

7.74,76 

1 . 15,11 

1 . 78,79 


*7.80 


133,84 

7.81,82 

135,86 

7.87,88 

7.89,90 

7.91,92 

7.93,96 

1 . 94,95 


7.97 


Using Mohr’s circle, determine: 
principal planes and stresses, and maximum shearing stress 

stresses on oblique plane - simple applications 

principal stresses and/or maximum shearing stress in loaded shaft 
solve special problems involving determination of a stress to satisfy a 
given requirement 

find principal planes and stresses resulting from superposition of two 
states of stress 

find range of values of a parameter for which a certain stress will not be 
exceeded 

Derivation of a formula involving Mohr’s circle 


In-plane and our-of-plane maximum shearing stress 
Maximum shearing stress in a three dimensional state of stress 
Maximum shearing stress (more advanced problems) 


Determine whether material will yield under given state of stress. If no 
yield occurs find the factor of safety 
Find load for which yield will occur 
Will rupture occur under a given state of stress? 

Find stress or load for which rupture will occur 


* Problems that do not involve any specific system of units have been indicated by underlining their number. 
Answers are not given to problems with a number set in italic type. 

xxvii 


TABLE II: CLASSIFICATION AND DESCRIPTION OF PROBLEMS (CONTINUED) 


Problem Number* 

SI Units U.S. Units 

Problem description 

7.100,101 

7.98,99 

Spherical pressure vessels (easy problems) 

7 .102,103 
7.104,107 

7J05,1O6 

Cylindrical pressure vessels (easy problems) 

7.110,111 

7.108,709 

7.112,113 

Stresses in welds in cylindrical pressure vessels 

7.115.116 

1.114,117 


7.118, 779 

1.122,123 

Pressure vessels subjected to external loadings 

7.120,121 

7.124,125 


Shrunk fit rings 

7.126.127 

7.128,729 

Find state of strain associated with given rotation 
using formulas of Sec. 7.10 

7.130,131 

7.132.733 

using Mohr’s circle 

7.134.135 

7.136.137 

Find principal strains and maximum shearing strain (in plane and 
out of plane): 
for a state of plane stress 

7 .138.139 

7.140.141 

for a state of plane strain 

7.142,144 

7.143,145 

Problems involving strain rosettes 

7 .146 

1.147 


7.148 

7.149 

Problems involving use of Mohr’s circle and Hooke’s law 

7.152,153 

7.150,757 

Applications of the use of strain rosettes 


7.154,755 



7.156,157 

7.755,159 

Review problems 

7.160,767 

7.162,763 


7.165,767 

7.164,166 



7.0, C2 7.C3,C4 Computer problems 

7.C5,C6 7.C7,C8 


CHAPTER 8: PRINCIPAL STRESSES UNDER GIVEN LOADING CONDITIONS 




Principal stresses in rolled-steel beams: 

8.1,2 

8.3,4 

‘find o m in beam and <7 max at junction of flanges and web 

8.5,6 

8.7,5 

design beam, taking o m , x m ,and into account 

8.9,10 

8.11,12 

8.13,14 

check earlier design for <7 max at junction of flanges and web 

Design of transmission shafts: 

8.75,76 

8.19,20 

loading represented by forces and couples 

8.17,18 

8,21,22 


8 .23,24 
8.25,26 
8.29,30 

8.27,25 

loading represented by input and output power 


* Problems that do not involve any specific system of units have been indicated by underlining their number. 
Answers are not given to problems with a number set in italic type. 
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TABLE II: CLASSIFICATION AND DESCRIPTION OF PROBLEMS (CONTINUED) 


Problem Number* 

SI Units U.S. Units 

Problem description 

8.31 ,34 

8.35 ,36 


For beam of rectangular cross section under axial, bending and transverse 
loading (easy problems), find: 

8.32,33 

normal and shearing stresses 

8.40 

8.37,38 

principal stresses, principal planes, and maximum shearing stress 

For beams of circular cross section under axial, bending, and transverse 
loading, find: 

8.39,47 

8 .42 

normal and shearing stresses 

8.46 

8,43,44 

principal stresses and maximum shearing stress 

8.45,48 

8.47 

principal stresses, principal planes, and maximum shearing stress 

For beams of rectangular cross section under axial, bending and transverse 
loading, find: 

8.53,54 

8 .49,50 

normal and shearing stresses 

8.57,58 

8.51,52 

principal stresses and maximum shearing stress 

8 .59,60 
8.61,62 

8 .65,66 

8.55,56 

principal stresses, principal planes, and maximum shearing stress 

For steel beams and structural tubes under axial, bending and transverse 
loading, find: 


principal stresses and maximum shearing stress 

8.68 

8.63,64 

principal stresses, principal planes, and maximum shearing stress 

8.67 

Special problems 

*8.70,*71 

*8.69,*72 

Problems involving torsion of rectangular sections or structural shapes 

8.73,75 

8.74 ,76 

Review problems 

8.75,79 

8.77,81 

8.50,82 

8.53 

8.84 


8.C1,C2 

8.C4,C5 

Computer problems 

8.C3,C6 

8.C7 



* Problems that do not involve any specific system of units have been indicated by underlining their number. 
Answers are not given to problems with a number set in italic type. 


TABLE II: CLASSIFICATION AND DESCRIPTION OF PROBLEMS (CONTINUED) 


Problem Number* 

SI Units U.S. Units Problem description 

CHAPTER 9: DEFLECTION OF BEAMS 


9.1,3 

9.2,4 


9.7 

9,5,6 

M 


9.9,10 

9.11,12 

9.13,14 

9.15,16 


9.17.18 

9.20.22 

9.79,21 

9.24,26 

9.23.25 

9.29,30 

9 .27.28 

9.31 

9.32 

9.33 

9.34 


9,35,36 

9.37.38 

9.39 

9.40 

9.41.42 

9.43,44 

9.46,48 

9 .45,47 

9.50 

9.49 

9.51.52 

9.53.54 

9.57,58 

9.55,56 

9.59 

9.60 

9.62,64 

9.65,66 

9.61,63 


Using the integration method, determine the equation of the elastic curve 
and the deflection and/or slope at specific points for: 
cantilever beams 

overhanging beams 

simply supported beams, determine maximum deflection 
linearly varying loading 
couples applied at ends 

beams and loadings requiring the use of 2 equations and 4 constants 
of integration 

For a statically indeterminate beam (first degree), determine: 
reaction at the roller support 

reaction at the roller support and draw the M diagram (use of 2 equations 
and 4 constants of integration required) 
reaction at the roller support and the deflection at a given point (use of 2 
equations and 4 constants of integration required) 

For a statically indeterminate beam (second degree), determine the reaction 
at one end and draw the M diagram 

Direct determination of the elastic curve from an analytic function of w(x) 


Using singularity functions, determine the equation of the elastic curve and 
the deflection and/or slope at specified points: 
easy problems 

problems involving overhanging beams 
problems with distributed loads 
problems with numerical data 
problems designed to be solved using a computer 
For a statically indeterminate beam (first degree), determine the reaction at 
the roller support and the deflection at a specified point. 

For a statically indeterminate beam (second degree), determine the reaction 
at the roller support and the deflection at a specified point. 

Determine the maximum deflection of a beam. 

Problems involving the reduction of a load to a force-couple system. 


* Problems that do not involve any specific system of units have been indicated by underlining their number. 
Answers are not given to problems with a number set in italic type. 
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TABLE II: CLASSIFICATION AND DESCRIPTION OF PROBLEMS (CONTINUED) 


Problem Number* 

SI Units U.S. Units 

Problem description 

9.67.68 

9.69.70 

Using method of superposition, determine the deflection and slope at 
specified points in: 
simply supported beams 

9.71.72 

9.73,74 

cantilever beams 

9.75,76 


simply supported beams (with numerical data) 

9.79,80 

9.77,78 

cantilever beams (with numerical data) 

9. 81.82 

9.83.84 

statically indeterminate beams (first degree) 

9.85 

9.86 

statically indeterminate beams (second degree) 

9.88,89 

9.87,90 

combined beams, determinate (with numerical data) 

9.92,93 

9.91,94 

statically indeterminate beams (with numerical data) 

9.96 

9.95 

Combined bending and torsion of rods 

9.91.98 

9.99.100 

Using the moment-area method, determine the slope and/or deflection at 
specified points in 
cantilever beams 
with simple loadings 

9.707 J 02 


with more complex loads 

9.103 

9.104,705 

with numerical data 

9.107 

9.106 

9.108 

with variable El 

9.110 

9 .109 

rolled shapes with partial cover plates 

9.111,112 

9.113. 1 14 

simply supported beams with symmetric loadings 
easy problems 

9.115 

9.116 

with numerical data 

9.117 

9.118 

with variable El 

9.120,122 

9.119,121 

more difficult problems (with numerical data) 

9.123,124 

*9.125 

*9.126 

special problems 

9.127.128 

9.129.130 

Simply supported and overhanging beams with unsymmetric loadings 
simply supported beams (easy problems) 

9.132,133 

9.131,134 

simply supported beams with numerical data 

9.135 

9.136 

overhanging beams 

9.137,140 

9.138,139 

overhanging beams (with numerical data) 

9.141 

9.142 

simply supported beams with variable El 

9.143.144 

9.145 

Find maximum deflection for: 
simply supported beams 

9.146,147 


with numerical data 

9 .148 

9.149 

overhanging beams 

*9.150 


of constant strength 

9.151.752 

9.153.154 

Statically indeterminate beams (first degree) 
single span, find reaction at roller support 

9.155 

9.156 

two span beams, find all reactions 

9.157 

9.158 

single span beams, find reaction at roller support (with numerical data) 

9.159 

9.160 

simply supported beams with additional elastic support at midspan 


* Problems that do not involve any specific system of units have been indicated by underlining their number. 
Answers are not given to problems with a number set in italic type. 
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TABLE II: CLASSIFICATION AND DESCRIPTION OF PROBLEMS (CONTINUED) 


Problem Number* 


SI Units 

U.S. Units 

Problem description 

9.767.162 

9.165,7(56 

Review problems 

9.7(55,164 

9.168,169 


9.167,172 

9.170.777 


9.CI.C3 

9.C2,C5 

Computer problems 

9.C4,C8 

9.C6,C7 





CHAPTER 10: COLUMNS 



Stability of rigid-rod-and-spring systems: 

10.1,2 

10.3,4 

easy problems, single spring 

10.5,8 

10.6,7 

systems with two or more springs 

Application of Euler’s formula to the critical loading or pin-ended columns: 

10.10 

10.9 

short struts 

10.11,75 

10.12,74 

comparison of critical loads for various cross sections 

Allowable loading for pin-ended columns: 

10.15,18 

10.16,17 

rolled-steel shapes 

10.19,20 


multiple-member structures 

10.21,23 

10.22,25 

columns with various end conditions 

10.24,28 

10.26,27 




Application of the secant formula to the eccentric loading of columns: 

10.30 

10.29,31 

find e and a max for given load and deflection 

10.32,55 

10.54 


find <7 max and deflection for given load and eccentricity 

10.36,37 

10.35,40 

find o max and load for given deflection and eccentricity 

10.38,39 

10.47,42 

temperature induced loading 

10.43,44 

10.45,46 

find P M for given e, a max and F.S. (using Fig. 10.24) 
design problems 

10.49,50 

10.47,45 

find column length 

10.55,54 

10.51,52 

find cross section of column 

10.55,56 


find factor of safety of column 


♦ Problems that do not involve any specific system of units have been indicated by underlining their number. 
Answers are not given to problems with a number set in italic type. 
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TABLE II: CLASSIFICATION AND DESCRIPTION OF PROBLEMS (CONTINUED) 


Problem Number* 

SI Units U.S. Units 

Problem description 

10.57,60 

10.58,59 

Analysis of columns under centric load: 
columns with simple cross section: 
steel columns 

10.61 

10.62 

timber columns 

10.64 

10.63 

aluminum columns 

10 .65,67 

10.66,68 

columns with built-up cross sections: 
steel columns 

10.69 


timber column 

10.70 


aluminum columns 

10.77,73 

10.72 

Design of columns under a centric load: 
aluminum columns 

10.75,76 

10.74 

timber columns 

10.77,78 

10 ,79,80 

steel columns 

10.81,84 

10.82,83 


*10.85 

*10.86 

Application of LRFD formulas: 
analysis of columns under a centric loading 

*10.88 

*10.87 

design of columns under a centric loading 

10.89,90 


Analysis of columns under an eccentric load: 
timber columns, find allowable load 


10.91,92 

steel columns, find allowable load 

10 .93,94 


aluminum columns, find allowable load 

10.97,98 


Design of columns under an eccentric load: 
find maximum allowable length: 
timber column 


10.95,96 

aluminum columns 

10.101,102 

10.99,700 

steel columns 


10.703,704 

design cross section: 
timber columns 

10.107,108 


steel columns, rectangular cross section 

10.105,106 


aluminum columns, rectangular or circular cross sections 

10.109,110 

10.111,112 

10.113,774 

steel wide-flange shape 

10.115,776 


steel tube 


10.1 17,77# 

10.119,121 

Review problems 

10.120,722 

10.723,726 


10.124,125 

10.127,128 


10.C1,C3,C6 

10.C2,C4,C5 

Computer problems 


* Problems that do not involve any specific system of units have been indicated by underlining their number. 
Answers are not given to problems with a number set in italic type. 
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TABLE II: CLASSIFICATION AND DESCRIPTION OF PROBLEMS (CONTINUED) 


Problem Number* 

SI Units U.S. Units 

Problem description 

11.2,3 

11.1,4 

CHAPTER 11: ENERGY METHODS 

Modulus of resilience 

11.5 

11.6 

Modulus of resilience and modulus of toughness: 
from stress-strain diagram 

11.7 

11.8 

from load-deflection diagram of a tensile test 

11.11,12 

11.9 JO 

Strain energy under axial loads: 
strain energy under a given load 

11 .13,14 

11.15 

maximum allowable strain energy 

11.16 

11.17,18 

factor of safety 

11.19.20 

11.21 

strain energy by integration of approximate methods 

11.22.25 

11.24.25 

strain energy of trusses 

11.26,27 


with numerical data 

11.28.29 

11.30.31 

Strain energy in bending: 

11.32 

11.33 

derivation of formulas 

11.34,35 

11.36,37 

with numerical data 

11.38 ,39 

11.40,41 

Strain energy in torsion: 

11.42 


by integration 

11.45,46 

1 1.43,44 

Maximum-distortion-energy criterion for 3-dimensional state of stress 

11.47.48 

*11.49 

Special problems 

11.52 ,53 

11.50,51 

Impact loading: 
of rods (horizontal impact) 

11.54 ,55 

11.56,57 

of rods (vertical impact) 

11.58,59 

11.60 ,61 

of beams (horizontal impact) 

11.62,63 

11.64,65 

of beams (vertical impact) 


11.66,67 

of beams supported by springs (vertical impact) 

11.68.69 

11.70 

problems on theory 

11.71,73 

11.72,74 

Use of work-energy method to determine: 
deflection or slope of: 
prismatic beams 

11.75,77 

11.76,78 

nonprismatic beams 

11.79,8/ 

11.80,82 

angle of twist of shafts 

11.83 


angle of twist of a thin-walled hollow shaft 

11.84.85 

11.87,89 

deflection of a joint of a truss 


11.86,58 


* Problems that do not involve any specific system of units have been indicated by underlining their number. 
Answers are not given to problems with a number set in italic type. 
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TABLE II: CLASSIFICATION AND DESCRIPTION OF PROBLEMS (CONTINUED) 


Problem Number* 


SI Units 

U.S. Units 

Problem description 

1 1 .90.9/ 

11.94 

11.92.93 

11.95 

Work of several loads applied to a beam 

11.96.97 

1 1.100.707 

11.98.99 

11.102.103 

Determinate structures. Use Castigliano’s theorem to determine- 
deflection and/or slope of beams 

1 1.704 

11.105 


11.106,109 

11.107,108 

1 1.7/0,777 

deflection and/of slope of beams (with numerical data) 

11.777,113 

11.116,7/7 

11.114,115 

deflection of a given joint in a truss 

11 *118.119 
11.122 

11.120.727 

11.723 

deflection and/or slope at a given point in a bent or curved rod 

11.124.125 

11.128 

1 1.726.127 

Indeterminate structures /first deer eel. Use Castigliann’s thpnr*m tn data min*- 
reaction at roller support and draw bending-moment diagram 

11.130.131 

11.734 

11.729 

11.732.133 

11.135 

two-span beam, find reaction at each support 
force in members(s) of a truss 

1 1.137,733 
11.141,742 

11.136,739 

11.140,144 

Review problems 

11.143,146 

1 1.745.147 


ll.C3,C4,C5 

1 l.Cl,C2,C6 

Computer problems 


* Problems that do not involve any specific system of units have been indicated by underlining their number. 
Answers are not given to problems with a number set in italic type. 
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PROBLEM 1.1 


1.1 Two solid cylindrical rods AB and BC are welded together at B and loaded as 
shown. Knowing that*/, = 30 mm and d : = 50 mm, find the average normal stress in 
the mid section of (a) rod AB, ( b ) rod BC 


SOLUTION 



(0.3 rod AB Force : P = 60 x/o 3 /s/ 

Area.-' A - ^ ol, 1 = -f- (3 OXICT') 1 = 70S.S6*/0'‘ 

Nar W ^i> s+ress: 6** - j - ~ ?^-88x/o‘ ?o. 

S'ab = 84. ^ MPa. 


(b) foci BC 

Force- P = Go*/o* - (ZX)ZSXIO 1 ) - -rtOX/O* N 

Area. - A “ d, = tJ- (5*0 */0 3 ) - I. 7C3S *10 n 

t+r«« : S- fc - ^ = - c ?6.77x/O t P* 

6 " 8t - - <? 6 .s MPa, *+ 
















PROBLEM 1.3 


1.3 Two solid cylindrical rods AB and BC are welded together at B and loaded as 
shown. Knowing that d x - 1 25 in and d 2 - 0.75 in., find the normal stress at the 
midpoint of (a) rod AB , (£) rod BC. 



SOLUTION 


tcO y'o A A 0 

P = 13+ 10 = ZZ ktps 
A - $ dl' r ^ (LIS)' =• L2Z7* 


SftB - 


. ? . 


i.ZZIZ 


r 17.93 


(b"> roe$ BC 

p - |0 l(«p s 

A * if dz - )* = 0.*WJS i** 

- _P_ - _LS - 05 /! !/«.• 


~ A r O.HSiS ~ ^*^ ^ s ‘ 


PROBLEM 1.4 



rod 8 C= P- io wc. 


1.4 Two solid cylindrical rods AB and BC are welded together at B and loaded as 
shown Knowing that the normal stress must not exceed 25 ksi in either rod, determine 
the smallest allowable values of the diameters d x and d 2 


SOLUTION 

y'oJ . 48 * 

P T 12 «• lo - 22 kips 

6 'a. -- 9S k».* 

- I.0S9 /h 

W'ps 6 ^ c - kst A r ^ 


j* - If 
** “ ITSic 


TOT = o--s°’8 i. 


4= 0.7 If in. 





PROBLEM 1.5 


1.5 A strain gage located at C on the surface of bone AB indicates that the average 
normal stress in the bone is 3 80 MPa when the bone is subjected to two 1200-N forces 
as shown. Assuming the cross section of the bone at C to be annular and knowing that 
its outer diameter is 25 mm, determine the inner diameter of the bone’s cross section 
atC. 


SOLUTION 


6" = 


_ P_ 


A = 


* A = ( o*, ~ & » j 

“s ' t r d i -n-6- 

(jXuooj 

- (.2S IO ) tt( 3.8 O x IO‘ 


= 222.? xl 0*‘ m* 




d>, = IH.^3 m. 


PROBLEM 1.6 


1.6 Two steel plates are to be held together by means of '/«-in. -diameter high- 
strength steel bolts fitting snugly inside cylindrical brass spacers. Knowing that the 
average normal stress must not exceed 30 ksi in the bolts and 1 8 ksi in the spacers, 

determine the outer diameter of the spacers which yields the most economical and safe 
design. 

SOLUTION 

f\\ bo-Pf J©c*-Kor *Hfc oppe^ pJoA* is p«W/e cl ©Jotor ky i-emiJ* 

force Pi* of fta ioif. A+ 4^e sa^e +i*e. "He spacer posAes 

f p>Pafe op^ciy-ci wifk c«. co*prtsz\ vfe *porce Jr -fo 

rocttV» f ct»Vv e<^cU JVkri ows. 

Pb « Ps 

For+UUH ^ or 

For He spacer 6^ = ** ^ -■$-<% Ms “ «# t) 

Pb (Zlhol H? 

— S* b ^ ) 

d s * , |j; * (» + §-) <V 

d s - C I +• *- 0.IUQ7 in* 

e)j •- 0.408 m, 








PROBLEM 1.7 


1.7 Link BD consists of a single bar 30 mm wide and 12 mm thick. Knowing that 
each pin has a 10-mm diameter, determine the maximum value of the average normal 
stress in link BD if (a) 6 =0, ( b ) 6 = 90 


a 



SOLUTION 


Us« loa/' ABC- 

as ■free boJy ^ 


HO 


(a) 9=0° (OASo si'n So'XlO^O*) “ (0.3*0 cus 30°) Fee •= C> 

F 6d = 17 .32*10* N 

(b) & - ‘to' ( 0AS° os 3o')(.20»IO 3 ) - (o. Zoo cas 3o° ) F 0 » O 

Fa* = - 3o *lo* N 




-4 * 


Cat A- (0.02O- o.oio)(o.oia.) -- 

(b) c*n^n**f»« A- ( O.o3c)(o. 0/2.3 = 3SO =/o' 4 m’ 

.Stresses 


(a'i S’ 


JL1ZH2- - 7 uwo‘ 


0 ,”) S' = r- 83 . 3 v/o < ’ 

U5) A 36ox(o fc 


72 .X Mfia 


- 23.3 MPa 


PROBLEM 1.8 


20 kN 



1.8 Each of the four vertical links has an 8 x 36- mm uniform rectangular cross 
section and each of the four pins has a 16- mm diameter. Determine the maximum 
value of the average normal stress in the links connecting {a) points B and D, (b) points 
C and E. 


SOLUTION 

Use \>CA.r ABC as a free 

yeas o .© 40 — *| 


30 W 


k 






Cfc 


= o 


o 


Lo.<no)F ta - (o. 02s +-o.oho)(%oxio * ) * o 
Rao r 35 .S*)Q* N 8D \s i* +e*3»«>» 

- (o.02s)(Zo */O x ) = O 
F c 0 t - 1C \.S*lO % H Link Cfi? i« «« 

A/e4 at'ea c*F o^e An lc For 22 (0.Oo£)(0.O$6 - 0.C>1£ ^ 

« ICOx/O J M 2 . For po^JteP Jti's la A„*+ * 35,0 */o ~ 4 ** 
s.4re&s Jink BD 

(c ri S'. - E*£~ = ~ /Q . 3 - r !01.£*6>/O C <or /0/.GMP* - 

O feo ^ 350 X /O’ 4 

Area ‘for owe i^fVik i* Co^/)reiS<l>« " (o.00% )(o.03£ ) 

= ^SS X JO G w*] Fo^ *fwo ipdraPPeP J*;*ks> A " v 5"76 ^ 

(U S„ = I s = .r -U 7 MP» • 






PROBLEM 1.9 


0.5 in. 


1.8 in. 



1.9 Two horizontal 5-kip forces are applied to pin B of the assembly shown. 
Knowing that a pin of 0.8-in. diameter is used at each connection, determine the 
maximum value of the average normal stress {a) in link AB, ( b ) in link BC 

SOLUTION 


Use. joiVh B -fVee body. 
* 

10 fc'fft 




Law of Sm^$ 

Fas _ R 


10 k'P* 
Force 




la 


si* iS* s.V» Ccr st* 9$° 

Fab - 7.^205 kips Rw. " ki p s. 

L,‘*k AS fs ol 

sec£\&* at pi* Aruif ~ C - O.S i * 1 

M s-t^ss A8 <0*8. -- J* t -- -- 


L;*k 8C is a t;oMp ress io* meeker 

Cross see+ioweu/ o,ire* is A " (1*S )(' 0 * sr ') * 0.9 i* 

_ - For. - 8.9 64T8 __ _ o Qr i/. 

(tO Stress i * SC See z t — r 579 



PROBLEM 1,10 1.10 The frame shown consists of four wooden members, ABC, DEF , BE , and CF. 

Knowing that each member has a 2 x 4-in rectangular cross section and that each pin 
has a Zi - in. diameter, determine the maximum value of the average normal stress (a) 
in member BE, ( b ) in member CF. 



/ 



S+ress m cm noewnte'' QB 

Area. A - C? i«i x */■/<* - 8 

(«.) 6 ^« -*ai r- 

3'h r '€SS £*o 't-e^si©* mediae* CF 

occw«^S p ,ri « 

~ C %\0h.o-o.s') = 7.0 i« x 

M ^ "ft = fr = ,01 -' r s ‘ ■ 






PROBLEM 1.11 


B D 


/ 

\ 

/ 

12 1 

\ H | 

C C 

l— 9ft — 

£ 

— 9ft — 

G 

— 9 ft— 

■* — 9 ft — ►! 


«() kips ■><> kips SO kips 



1.11 For the Pratt bridge truss and loading shown, determine the average normal 
stress in member BE, knowing that the cross-sectional area of that member is 5.87 in 2 

SOLUTION 

Use "fwss as body 

M|4 = O 

♦ (ttXlO + iv)do) - A / ' ° 

A/ = kips 


Use porfYou erf +o +i\e oP a •secyftO'A 

iri6m BDj 3£: ^ C B. 

+ t ZFy * O 

iso - 80 - j| F^e = o -• F B £ - k.'f 


PS 


'er 


— Rsf _ So 

- A ~ S .87 


— &*S%. 


PROBLEM 1.12 


B D 





it C £ C 

1— 9ft— —9ft— —9ft— — 




1. 12 Knowing that the average normal stress in member CE of the Pratt bridge truss 
shown must not exceed 21 ksi for the given loading, determine the cross-sectional area 
of that member which will yield the most economical and safe design. Assume that 
both ends of the member will be adequately reinforced. 

SOLUTION 

Dee en+iVe *fv\>ss <ks TAee body 

*1 DSMh = o 

+ +( 3 . 7 X 80 ) - 3^ Ay =• o 

Ay = 120 Ufs 


Use p*r-h'e>« rf +rw»ss itJ 44** Afpi rf <x sec£iov\ 

BEj And CB 

^6 V*Z M ft = o 

\Z F ce - (<?Vu o) = o 

- F ‘* 



kips 


A _ For _ C fO_ 

^ " GW " 31 


<+.29 ;* z 




PROBLEM 1.13 






1.13 A couple M of magnitude 1 500 N - m is applied to the crank of an engine. For 
the position shown, determine (a) the force P required to hold the engine system in 
equilibrium, ( b ) the average normal stress in the connecting rod BC , which has a 450- 
mm ; uniform cross section. 


SOLUTION 

Use pi&fo* } roelj a,v\d 

<»-s 

PeAcJtio* H aJ fa 
Ay Ay. 
9ZM a =o 

(O.PSO^'iH - )SOO = O 

H .5. 3.5*7 ] *|0 4 N 


piS'fdW «>Po*e. <LS w 
toc/y. No4^. 44 *a 4 fod |4B 

a. -fwo-fd^ce be/*J K«hcjC Hie 

o4 F*i <S Dv^W +K« -fo/ce 

4< *P ctnJ Fft» by 

option 4. 

£ - Ttoo^^TI^ = 2oS.g| 




_P _ 

H Sc? 

Fee - . 

H ‘ Co 


P- 17.86*10* M 

p =■ n, s£ *W 

Far - IS.Sf3 */C?* ^ 


-4. 1 



8C «s tx co^ p^eis um Ifs ct^ecc is 4^0^ - VSo X JO bn 

s+ ~- 6* - “-Ik = . -hi .H y,o e f. 

(b) 6^ = - 4/. 4 MPa. -* 











PROBLEM 1.15 



1.15 The wooden members A and B are to be joined by plywood splice plates which 
will be fully glued on the surfaces in contact As part of the design of the joint and 
knowing that the clearance between the ends of the members is to be 8 mm, determine 

the smallest allowable length L if the average shearing stress in the glue is not to exceed 
800 kPa. 


SOLUTION 

There ore 4x>ur fte x c M 

OuirecL freo'ts Mrf of 44 >a iooJi, 


T^e^* tw* 

F - U iu 

■= i*.x«o*N 

Ske^rC*** sfress |A ^A»e 

-t * goo //0 a Pd 


^ t 

- '**'£ - 
Zoo*lO* 


Ui i 
A * 
L * 


- of 

J? W 

7$ 4- 


9 


Oe area 


OL^J * 


A - '-s'*' 0 '* 

VJ “ 6.1 


vsiji'k « lOO 
= /S'o rf/O**, * 
30 S M»* 


» Oil hi 

lsT<0 


PROBLEM 1.16 

SOLUTION 


1.16 Determine the diameter of the largest circular hole which can be punched into 
a sheet of polystyrene 6-mm thick, knowing that the force exerted by the punch is 45 
kN and that a 55-MPa average shearing stress is required to cause the material to fail. 


A - IT d fc -p»r £<*.»' A 3 0+f w-C. 

cWr/ ^ ** A * "‘f 

p 

A '* ”TT dt « TJ* 

^ " Tfi^ r tt (o^liyssT,-^) = 1+3 " 

d - 4-3.4 ra* ^ 


S w f n «j "for fl/ ? 



PROBLEM 1.17 





1.17 Two wooden planks, each 7 /a - in. thick and 6 in. wide, are joined by the glued 
mortise joint shown. Knowing that the joint will fail when the average shearing stress 
in the glue reaches 120 psi, determine the smallest allow able length d of the cuts if the 
joint is to withstand an axial load of magnitude P = 1200 lb. 

SOLUTION 

) 5ov-f<=cces CAtfy 

. ( V ?- 1*00 fk. 

otn. I i m 

) Area. A - (7 )( d - ^ Ji 


r - £ 

11 A 


A - \ 


!¥l a ~ 

3 a ~ 1*0 


d = I ti 


PROBLEM 1.18 


^ |* 1.6 in. — *j 


1.18 A load P is applied to a steel rod supported as shown by an aluminum plate into 
which a 0.6-in. -diameter hole has been drilled. Knowing that the shearing stress must 
not exceed 18 ksi in the steel rod and 10 ksi in the aluminum plate, determine the 
largest load P which may be applied to the rod. 


SOLUTION 


Fo* sfeei 1 

P • 


A, - TTflft - 7T(O.GX0.4) 
r onsvo 


| p r f * £ ••• P’ A,% * (0.7SHOV \i) 

- 13-57 k.'ps 

FoA A a. - TT d t - -rr( LCXo.25*') I.1SC6 in 1 

Ti = -^ "P* A z ? 2 = 0 .ast&Xio-) - ic.pi 

v/*Ate o'f' P r* **• P- i2.S? kips 




n 



( 





PROBLEM 1.21 





1.21 Three wooden planks are fastened together by a series of bolts to form a 
column. The diameter of each bolt is Zi in. and the inner diameter of each washer is 5 /a 
in., which is slightly larger than the diameter of the holes in the planks. Determine the 
smallest allowable outer diameter d of the washers, knowing that the average normal 
stress in the bolts is 5 ksi and that the bearing stress between the washers and the 
planks must not exceed 1.2 ksi. 

SOLUTION 

StfjPf- r 0.n63S",V 


_ JP 
A 


G b - -jr •- Tens'/e 4 Vce in ko?f ? =.6" b A = <S)(<>j e l63S') - <3. =18 l?S* kips 


yuaTiriq 

d ' ■ I 1 4 


ole olio^e4ev^ - di 


o crfs /*/e e/»a 

Aw/ = ^ ( do ‘ 


a __EL 

6; • 

(d/ - j 



hp _ ,s\‘ . xa 

to^zrts' 


nSb ts ) t t 

(.17. o 

■*- - I. t.5 *o 


cL = 1.117 ; 


PROBLEM 1.22 



1.22 Link AB, of width b- 2 in and thickness t - '/« in., is used to support the end 
of a horizontal beam. Knowing that the average normal stress in the link is - 20 ksi and 
that the average shearing stress in each of the two pins is 12 ksi, determine (a) the 
diameter d of the pins, ( b ) the average bearing stress in the link 

SOLUTION 

Rod A8 is in cor press 

A = b t b • 2 '•* a* <J fc s jlf 

P = -O' A - - •(-2oXO(+) r IO k»>3 

Pin • Tf> - o*d A P = i!f d ~ 


d = M - 1-030 ;* 

I TT -V TT?r 1 tt ( 


^ 6; = 


fL _ _ 

olt “ (1.030 


3 8. 8 fcsr 



PROBLEM l.U 


0.25 m 

K 


£V 0.2 m 


1.8 Each of the four vertical links has an 8 x 36- mm uniform rectangular cross 
section and each of the four pins has a 16- mm diameter. 

1.23 For the assembly and loading of Prob. 1 8, determine (a) the average shearing 
stress in the pin at B, (b) the average bearing stress at B in link BD, (c) the average 
bearing stress at B in member ABC, knowing that this member has a 10 x 50-mm 
uniform rectangular cross section. 


SOLUTION 


0$e bo/' ABC as a. -fWe body 



'ZM C = O (o.0</o)F* o -Lo. 0ZS+O*0Ho)U0 v/0 3 ) =■ O 


* 32 .S* 10 N 


(a) Skea^ p>V at B 7t - ^ doukle ske«/- 

Aet-e A - = I* (O-OI^) 1 ~ 201.06 */o' 6 m 1 


- .-4-— = So. 8 k/o‘ 


go.SMPcc 


(\>) A** k BD 


A - dt - (o.OI6)(o.oo&)- 128x/o'*m l 


S', a ±5l« - = I2£. IS r/O 6 1X7.0 MPa.* 

• A 128 * I0' 4 


CcA 8da^in<j ik AS C of B 


-4 » 


A - it - (o. oitXo.oio) - Ko*io * 
or- -E*°- r »^IC.; _ 202 X ) 0‘ 

b A, l6ox/o' ( 


203 MPa. 



PROBLEM 1.24 



1,8 Each of the four vertical links has an 8 x 36- mm uniform rectangular cross 
section and each of the four pins has a 16- mm diameter. 

1.24 For the assembly and loading of Prob I S, determine (a) the average shearing 
stress m the pin at C, ( b ) the average bearing stress at C in link CE, ( c ) the average 
bearing stress at C in member ABC , knowing that this member has a 10 x 50-mm 
uniform rectangular cross section 

SOLUTION 


Use bar /ABC as <a 





X Ma = O -(0.0<+o)F c6 - (O.OZS)(ZO«iO l ) - O 


= - )?.r*/o 


(d) SheQ.r' ih p in af C 
D dui/c s hear ~ 


A - ^ al Z = (O.OJ6 )** r Jo/. OG >/0 

*/Q 3 2) ) y In" 1 

{Z)(20l.C>C *[()'*) 


) w\ 


31.1 


Cb) iV) Cb a+ G 

A = oft = ( 0,016 Mo.oos) r )2g*/c?“ 4 m ** 


tzr - "i 


^Ki^/9_ 3 2 r M2.gx 10 ‘ 
\72 *)Cr 6 


(£,} 5* ABC aA C 

A - eft - (O.0!4)(0.D/o) r ICOV/O'^ 

<3^ = -Sg- r _i2£j2^L— = 78. / x/o 4 

^ A 160 V (O - G 


48. & MPa 


78 J MPa. 





PROBLEM 1.26 



o'f Sines 
= 


1.9 Two horizontal 5-kip forces are applied to pin B of the assembly shown Knowing 
that a pin of O.E-in. diameter is used at each connection, determine the maximum value 
of the average normal stress ( a ) in link A B, (b) in link BC. 

1.26 For the assembly and loading of Prob. 19, determine (a) the average shearing 
stress in the pin at C, (b) the average bearing stress at C in member BC, (c) the average 
bearing stress at B in member BC. 

SOLUTION 

Use Ja/nf 8 os \>o 

10 Ri r A 


10 Kips ^ 

Force 



Fac 


10 

IS' 




yy - Fee. 
L “ 2A P 


Let) stress ui pm c,{ C X* 

Ap = ?ct' L - -?(o-8')"' = o-Sozc, 1 

_ o c» o 

^ “ UXO.5-02O ‘ * 

(b) Stress cjf C «* BC 

A- td = (o.sXo.8'1- O.y 

e;* s - -- 

(C^ stress ft.+ S i h nneiviter BC 

A-2t J = OJ i** 

S'.-- , 11.21 


6i - 


kt; 


_ Fie 


22.H ksi 




U.H ksr 




PROBLEM 1.27 


\# v\ 750 mm 


1.27 Knowing that# = 40° and P = 9 kN, determine (a) the smallest allowable 
diameter of the pin at B if the average shearing stress in the pin is not to exceed 120 
MPa, ( b ) the corresponding average bearing stress in member AB at B, ( c ) the 

corresponding average bearing stress in each of the support brackets at B . 


SOLUTION 



G eo r* e.iv'Y * 'TWctvi^e ABC is 
cun isose^es wi ■H, 

aggies skoton Viev^.. 



Use jo i vx+ A a 4re« 


6 y teN j 4 * 0 " 

" 8 7ro 



te* f* 

l“AB 


Fore e 


I UF V, t 

Iricu^te 


L aw o4 Smes a.pfi)lec\ 

-Vo -po/' c< 

P _ Pa a __ Fac 

$'•*20* “ S'* II 0°~ S.^50° 

rr _ 2 sr» l/fl° 

AS ‘ 

= __ 2HJZ kN 

Sin 3o° 



pin dia»i ele^. 

*= 1% ’ affc- ■ -§£ “ l "- F *>- ' 

J 1 - 3£»a.= co<^.73»iqM B )3 u8*/o- c 

irr TT (l2o *I0 6 } 

J~ II.K*/o m% * 




Bco.^'rvrj stress »« A8 of A. 

Ar tcJr (0.0/6)(|I.4S'WO*M r )J3.26v/o' € m* 1 

b 

<SL = -5*§- - , 2V - 73 ^°1 =r l2>H.9*/O i l3t.5MP^ 

Be«n n*y stress ih SUpfioA Lra.de eAs aA 8 

A = id - (0.0IZ )( l/d5'*/0' 3 ) = |37. V XlO~ ( ‘rr X 

FT - ^Fas _ (g. 5 )(zi.73 *IQ 3 j - qo_OxlD e QO.O MPa. 
Ut ~ A — ” I37.*tx/c>- 6 




PROBLEM 1-28 


1.28 Determine the largest load P which may be applied at A when 0 = 60 , knowmg 
that the average shearing stress in the !0-mm-diameter pm at B must not exceed 1 20 
MPa and that the average bearing stress in member AB and in the bracket at B must not 

exceed 90 MPa. 


16 mm A ^ 

750 mm 



G'CO ABC i* 

Oy\ isoSe^es “f Wt'H) 

\ 

7 AA 



ci*F si*oe^ applied 
?o tie 

'P F fct 


sin3o° 

V - 

V - 


_ F *« 

S.'n !2o‘ 


£*<Vi 3o‘ 


Fab sjnjgT r /s C77^r F 


&M 1?0 

Fal 3^. 


S'V» 3o° 


- F* 


If sbe«n,'„^ stress i« pin 4 6 is crihc.J 

Ap = Z(o.oio) 1 - 78.S4 X/C>'‘ 

F w ! 9 At = (*X78.S*Mo*‘ )(iZo*io l ) - l a.86>J*/0 S N 


IP Leaving in wew ter AS *4 br*.e-4e+ »+ A is cvi'fi'e**/ 

A b - tol * (0.016 )( O.OI o) 160 Wo' 4 m’’ 

F*a 5 AkS; = (l6o*/o' t X e ?o *>o‘) = A/ 


If be*A‘n^ ■s+v'ess in +te bir^kef «4 B •'* cK-fic*-/ 

A b - 2t A - ( 2 )(o.on)(o.oic>) - ?<jov/o' 6 
Fab - A b 6^ - ( 24o */6 c )( °io *io' ) - 21.6 ;.*/©' W 
AAP Om4 *MJt H e -s»n d JJesij /.&- /V.Vox/o 5 ^ 

TU^ £***> SW?« P^- (0.5? 7affX/fc‘kMtoO 

= 2.3) */0 2 V 2.3) iW *«• 



PROBLEM 1.29 


1.29 The 6- kN load P is supported by two wooden members of 75 * 125- mm 
uniform rectangular cross section which are joined by the simple glued scarf splice 
shown. Determine the normal and shearing stresses in the glued splice. 




P 

Li 




PROBLEM 1.31 



1.31 Two wooden members of 3 * 6- in. uniform rectangular cross section are joined 
by the simple glued scarf splice shown. Knowing that the maximum allowable shearing 
stress in the giued splice is 90 psi, determine (a) the largest load P which can be safely 
applied, ( b ) the corresponding tensile stress in the splice 

SOLUTION 

e - - ^>° = So 9 

A 0 = (3X0 = I* iV 
X ~ ^ s \ HO 

' Si, ~ 51* 1 0O° 


u s'- 


Cod*# _ 32<TfO c 


= 1S.S 


P- 3Z1o A 
6~ - 75". 5" y&s/ 



PROBLEM 1.32 


1.32 Two wooden members of 3 * 6- in. uniform rectangular cross section are joined 
by the simple giued scarf splice shown Knowing that P = 2400 lb, determine the normal 
and shearing stresses in the glued splice. 



SOLUTION 


*• 


Q = 90* -tic’ = 5b" P-- Moo Jtk 

A„ = (3)(Ci = 18 to* 

S’ - -?• coj*© r . OtHocO ^ , 

r%> / % 

6~- •Sff.l psi 

X-— Si'a -2© - /_OQ ° - ^5“ 7 

r= &s:7 ps ; 




PROBLEM 1.33 



6 in. 


6 in. 


1.33 A centric load P is applied to the granite block shown. Knowing that the resulting 
maximum value of the shearing stress tn the block is 2 5 ksi, determine (a) the magnitude 
of P, ( b ) the orientation of the surface on which the maximum shearing stress occurs, 
(c) the normal stress exerted on that surface, ( d ) the maximum value of the normal stress 
in the block. 


SOLUTION 

A 0 r U)(0 s 36 

0 — ^3° £ pJ^et* e. of* 'i. 

cd) = -• IpI=- = «X 30<2.s) 

- ISO Kip s 

(b) s!n 26- 1 z e * e - ‘/s -0 


Cc'i 


6 W = £ 


»| r o 

coi 35 


- _£. _ ~/8Q - 

^ Ao (aX30 


-2.5-kii 




PROBLEM 1.34 



/.J4 A 240- kip load P is applied to the granite block shown. Determine the resulting 
maximum value of (a) the normal stress, (/>) the shearing stress. Specify the orientation 
of the plane on which each of these maximum values occurs. 

SOLUTION 

A* * (6)(g) * 36 i* 

er ~ £. co» l e = = -€.<s7<->»'<9 

A d w ’ 

(_Ol) roojL> m he*si/e s4res£ 5= Q oft & — 

c.o*— p s4\r<ss = C.67 k-s r 

«ct 0 = o* 

/i ) y - 

*4 © - 


3.33 






PROBLEM 1.35 



1.35 A steel pipe of 300- mm outer diameter is fabricated from 6- mm- thick plate by 
welding along a helix which forms an angle of 25 0 with a plane perpendicular to the axis 
of the pipe. Knowing that a 250- kN axial force P is applied to the pipe, determine the 
normal and shearing stresses in directions respectively normal and tangential to the weld. 

SOLUTION 

- 0.-3oo m fe> = o = D. /So m 
Tz » f 0 -t = 0 . ISO - O. OOg = 0 . 


Ao - TT(C- ft 1 ) = ?! (o.lSo x - O . IHH\) 





» S+SH x/o“ 3 



e ■ 

= 25 

o 




sr^ 

. P 
A 0 

r 

c*>s J 
i-.5V v / o" J 

; 75° 




= -37 . 1 

*/o‘ 6“ » ■ 

-37./ 

MPa -* 

z = 

2A„ 


_ “250x/o 3 sin SC? 
ftXS.SH y/o~ 3 ) 




=-17.28 

*/o c = 

/7.2S 



1.36 A steel pipe of 300- mm outer diameter is fabricated from 6- mm- thick plate by 
welding along a helix which forms an angle of 25 5 with a plane perpendicular to the axis 
of the pipe. Knowing that the maximum allowable normal and shearing stresses in 
directions respectively normal and tangential to the weld are o = 50 MPa and x - 30 
MPa, determine the magnitude P of the largest axial force that can be applied to the 
pipe 

SOLUTION 

d a - o.3oom r 0 = ±<>L - cx's&m 

r ; = To - 1 = O.ISO - 0.006 = 0. 14V * 

Ao - it (r x - r') - r(o. iso x -o.m*) 

= S-SH*/c>~ s 

9 = as* 

BoseJ on = so Mfb.- 6" = ■j^ c°s z 6 

p_ _ (S.SH *IQ' x ils OV |pf_} _ 33 7 y /o 3 

ZS° • 

B oseJt on V£\ = 20 MFK Z = ^ le 

Pr _2M- _ (?')(S.S‘lylo- i )(3ox/o 6 j _ 434 y/o 3 

si a sm 5o* 

is 4-l»« cJlPow^Ji^e v*J<se of 'P P = 337 kM ^ 


PROBLEM 1.36 



6 mm 

“1h 

A 



PROBLEM 1.37 


1.37 Link BC is 6 mm thick, has a width w = 25 mm, and is made of a steel with a 
480- MPa ultimate strength in tension What was the safety factor used if the structure 
shown was designed to support a 16-kN load P ? 


n 


n 


600 mm 



SOLUTION 

Use bar AC D as a 

boc/y cx^ol note 

rn e** loer 13 D i s a. two- 

f©rc.e 


2 H a - o 

(480) Fat ~ (6oo)P = C 

F ec = p = (££°KL£Zt£l} - 2o* lo 3 N 



L) 9^-irr.Jte. }oaA -Tor BC F^ ^ A 

Fj ’ (4SOx/0 s )(0.O06)(o.02S) = 73./)0 4 M 

Fat^ev oi saiefy F.S. = - 5. CO 


PROBLEM 1.38 


r 


600 mm - — 


1 



1.38 Link 5C is 6 mm thick and is made of a steel with a 450- MPa ultimate strength 
in tension. What should be its width w if the structure shown is being designed to 
support a 20-kN load P with a factor of safety of 3 0 


SOLUTION 

Use bar ACD as a Free bos* y 

and hoftt wvev^Wer SC it 

O. Vwo-'rore.e 

2 M* * © 

HS0 Fmc - GOO P - O 


Be ^ 

For a. oF S-sel sfy R$. — 3 


H8o 



+k-e uJlir*<xie UJI <y? vwc** bcr SC 


Fo * (BS.)CF«.V= ( 3)C25*I0 *) = lS*)O a N 


BiA F u = 6" u A 


A - fL - 
n ~ So HSo h/O 6 


-c 


- ICC..C 7 * lo 


_ A _ ICC.C7*IO 


-6 


for a recJ‘a*gujh sedio*^ A - W £ or o.O&£> 


-3 


W r 27-2 */£> H or 


27. S 


mu 




PROBLEM 1.39 


,«*/P 


r 

15 in. 

1__ 


1.39 Member ABC, which is supported by a pin and bracket at C and a cable BD, was 
designed to support the 4-kip load P as shown Knowing that the ultimate load for 
cable BD is 25 kips, determine the factor of safety with respect to cable failure. 

SOLUTION p 

t)s€ ABC es <*. A 

free V>o<sl y and moic ^ ^ 

f V \ <xf r * i ber is a ® 

- force l© eA \\ 

= O t*" 


'P c»s 4 o*)C 30 ^'l - IF& coi 3 o° )( IS ;») 

-(F« D s.v. 3 o *)02 ") = O 
F - MJr 21 p> « = £. 87 IS" kips 

(BD \rt o a r, 1 \o ' 




Fae.+e*r o*f soAeAy f>r OL-Ue BO 


^<Jir = 3 - CH 


PROBLEM 1.40 



1.40 Knowing that the ultimate load for cable BD is 25 kips and that a factor of safety 
of 3.2 with respect to cable failure is required, determine the magnitude of the largest 
force P which can be safely applied as shown to member ABC. 

SOLUTION 


Dse mzm l>ev" ABC as o. 

free \>od y rof^* 

■HtAf w^e^ker SO Cs fi. 
•Vwo- force rnt* ter. 


1- 18 in. «4*— 12 in. n 2 M c - O | 

(Pcos Ho°)(3o ;«} -t- ( P s.v> Ho°)( is ;») - ( Fg* cos 3o°)( >s :•») 

- CF atl s<« 30°)(I2 «'>') - O 

P * &t F - - a58 * ,C F ” 

A SloHjcJiie PoaJ -fa/- member 80 is ^as = ~prc r 3,5 r 7 - 8 ( 2 S"k'p 5 

io.J P =(O.SSZIC)(7.2l*S') * *.ss k.'ps 


PROBLEM 1 .4 1 /. 41 Members AB and AC of the truss shown consist of bars of square cross section 

made of the same alloy. It is known that a 20- mm- square bar of the same alloy was 
tested to failure and that an ultimate load of 1 20 kN was recorded If bar AB has a 1 5- 
♦—0.75 m — j mm- square cross section, determine (a) the factor of safety for bar AB, (b) the 

i A dimensions of the cross section of bar AC if it is to have the same factor of safety as bar 

T r AR 

0.4 m 

SOLUTION 

Um J/\ LenjH wiev»nke/' A3 

/ iskN ha - -fo.lS 1 + 0.9 L = O.SS m 

Use en+i're -fwss as a. Free body A» \ 

?>rM c = o \.h A* - {0JS)(S8) = 0 A„- is kN s. 

4"2F^=o A y - 28=0 Ay-22 1/bl /y 

Ufifi joi*t A <xS ■f/te boJy j Z&kb) 

A t Ay ^ZF„-o 9 J£ f A8 - A* = o -Hr 


ztk» 


- 


0.75" 



+tZFy - o A y - Fac - Fa, = 

C r 2* -iMX 

For He iesi joar A - (O.OZO) X “ <*00*ftT 4 

F©«r He S» r -Sl. - l20y / c ?l - 300 */Q C 

u A 400 WO' 4 


C « 

17 kW 


- ;o/(W 


p u 1 150 */0* N 


(td V-ot bar AC 


FS - ^ - 5u A 

Be ' F„ 


(tx) Fou- be*- A8 F.S. - - §iiA 3 .(300 ' f lo'CK9:P‘S ) X 

Be F« ( 7 k / o s 

» 3.17 

r bar AC F.S. * J* = = 

Bc F, c F^c 

qX = MO - (3.47^0 »<o«) _ y/o -« M ‘ 

Su 300X/0 4 


- 7C4.7 v/o*‘ m 1 


Ol = 16-2? y/o‘ J 


IC.29 




PROBLEM 1 42 Members AB and AC of the truss shown consist of bars of square cross section 

> J ‘ made of the same alloy. It is known that a 20-mm-square bar of the same alloy was 

, 0 75 m —4 tested t0 *" aiIure and that an ultimate load of 1 20 kN was recorded. If a factor of safety 

of 3.2 is to be achieved for both bars, determine the required dimensions of the cross 
Lx— y section of (a) bar AB, (b) bar AC. 

0.4 m 

j SOLUTION 

i.4m //I Len^-fk we^-be/ AB 

/ , S L J*. * -To.is’-A o.4* * o. 8T m 

— Use en-hV* fros-s ft* o- -f^e lo<^/ ^ * 1 

t)iyi c = 6 1.4 A* -( O.ns-)(zs)=o A*-l£khJ 

tZFy = O Ay- 28*0 Af--2ZV.U jA* 

Use jomf A as -free tody / 29 kh> 


VlM c = 6 
+ TZFy = o 


F*c i 



4. ZF* = o 




29 kN 


F Am -- ^ = IT KM 

Ay - F * ’ ok *>» = ° 

Fa, r 28 - lMlO.71 = *0 /cW 

At O.&f 


For Hie fes-f Lav A - (O.OZo) =■ 400*70 Fy r I^Ox/O 5 W 

For- -M*e So = -3*- - Lfoo x lo”* = ^oox/o P°- 


(tO For A8 


A ' 4ook/o*‘ 

r. . fi. . S*uA . ^q x 
h ~ F* ‘ Fa* " F* 


• no I I 

o?* - £MXl2 alsH * /gi.a3x/o‘ 4 ^ 

Sj Soo x/o 4 


u 3cox/o 4 

cu = )3. 47 */o‘ 3 m 


13*4*7 huw 


(b} Poir i^e-v.Le*- AC 
b 1 - Cf.sARc _ 


_ e . JRj. . 6iA . 6^! 

r- ~ rr 


3oo */O fc 




t = /4, 6/ */o~* m 


I4.C/ ** 



# 

■~1 


PROBLEM 1.43 


20 kN 120 mm 



1.43 The two wooden members shown, which support a 20-kN load, are joined by 
plywood splices fully glued on the surfaces in contact. The ultimate shearing stress in 
the glue is 2 8 MPa and the clearance between the members is 8 mm Determine the 
factor of safety, knowing that the length of each splice is L = 200 mm. 

SOLUTION 

Tkev*. 4 s ±f> a/'ta.s of EaxX 

a rea. i*wyf /O kH of 

jlcxxA # 

? = lOx/o S W 


of s^fce L- 2 S. +■ c wWk Jt « c = 

CpedAa^ce. f = *£;(L - c} - i (O.lOO -O.OO*) r o. 

Are< sc of A r r ( 0 . 046 Mg') - x/o 5 m* 

Uj+i^e io**# R, = 'to A - (2.3 */O 4 )0 /-«*/<>*)- $2.ZS6*/0*N 

of s< *fe4v PS. = ^ r • — = 3.23 -« 

/ P loxto* 


20 kN 120 


1.43 The two wooden members shown, which support a 20-kN load, are joined by 
PROBLEM 1.44 plywood splices fully glued on the surfaces in contact. The ultimate shearing stress in 

the glue is 2. 8 MPa and the clearance between the members is 8 mm. 

20 kN 120 mm l* 44 ^ or l ^ e i°' nt ^ loading of Prob 1 43, determine the required length L of each 

splice if a factor of safety of 3.5 is to be achieved 

SOLUTION 

or - 1 Y sepqv-a/f^ curcccS o4 E<x el* 

'fransho 1 4 lO kM of sA&ii* 

20 kN SoaA. 

P - l ox Jo 3 A/ 

Reared cJftWe hJl ?» * = (3.E)0o*lO % ) = 3 £W* M 

Required of* e6.c<b 

P U = fy A * xiw - AAAt 8 n ^ S| 



- p. 


3 S'x/O' 


t; W “(?.axi0 fc )(0./2o) 


r /04, H *)0 * 


$f splice + C = (*X>04J *7 x/o" 3 )+ O.OOg 


^ ^/€.s X/o * tov 


2. /£ *nto 


PROBLEM 1.45 



1.45 Three | - in -diameter steel bolts are to be used to attach the steel plate shown 
to a wooden beam. Knowing that the plate will support a 24-kip load and that the 
ultimate shearing stress for the steel used is 52 ksi, determine the factor of safety for this 

design. 

SOLUTION 

For ea-ck boif A ?*(*") v OMH IS in* 

Pu - *P* 

per \>o)\ P--f = 

FS -&-■,?? - 

K5> - P 8 


8 #•>* 


PROBLEM 1.46 



1.46 Three steel bolts are to be used to attach the steel plate shown to a wooden beam. 
Knowing that the plate will support a 24-kip load, that the ultimate shearing stress for 
the steel used is 52 ksi, and that a factor of safety of 3.37 is desired, determine the 
required diameter of the bolts. 


SOLUTION 


For e ack 
Redirect 



A = 


\ooH p = ^ = 8 u; f s 
P 0 r(HS.)P * (3.37 )(&)? U^s 

A - |r- = = 0.s\8'*& ,„ x 



= 0.3)25* iw. 





PROBLEM 1.47 



1.47 A load P is supported as shown by a steel pin which has been inserted in a short 
wooden member hanging from the ceiling The ultimate strength of the wood used is 
60 MPa in tension and 7.5 MPa in shear, while the ultimate strength of the steel is 1 50 
MPa in shear Knowing that the diameter of the pin is d = 16 mm and that the 
magnitude of the load is P = 20 kN, determine (a) the factor of safety for the pin, (6) 
the required values of b and c if the factor of safety for the wooden member is to be the 
same as that found in part a for the pin. 




SOLUTION 

p S 20 kN r 20* ID 1 N 
W Pi* • A * $<** * $(0,016) *201.06*10'* 

Double slew X • ^ 2^- 

P u r 2/\?o sr (^(aoM^WO 6 )(/vT0X/D 6 ) 

= N 


r r Pu _ Go. 3/^ q 

Cb') Tews.o* i* <Aiood 'P l t “ GO. 3/^ w /0 Ki £©* F. S. 


<5* — -Sj_ r 

A 


Pu 


vjle^e tV - 40 him * O.OVOm 


b = ol 


Po 




W(ta -el ) 

_ = 0-016 +, is - - VI’I */°* ** 

(OMO^QCXlO*) 


SV>eA<^ i* vJoO J 
Doobie .sAea*' 
fu = P ° 


2 A 


P u - €0.319 */ o* 

6a.cb a/'ecc is A - 

, iL 


r M/. I 

N 4-0 tA FIS. 
wc 


awe 


c - 




feo.3^ */£: 


*S 


2 w tu (3X0.OV OW-S'IO') 


— I OO.S *)0 
C - loos ***> 


r*o 





PROBLEM 1.48 



Based on doobJte 
P 0 r 2 A - * 

=• 33.0 */o 3 

Use s^^JJes'i 
A MowaUe ? r 


/.¥7 A load P is supported as shown by a steel pin which has been inserted in a short 
wooden member hanging from the ceiling. The ultimate strength of the wood used is 
60 MPa in tension and 7.5 MPa in shear, while the ultimate strength of the steel is 150 

MPa in shear. 

1.48 For the support of Prob. 1 .47, knowing that b = 40 mm, c = 55mmandrf=12 
mm, determine the allowable load P if an overall factor of safety of 3.2 is desired. 

SOLUTION 

Based on in pin 

V 0 = ? A to = 2 f d*ty 

= %(x')(o.O\tf(iSO*IO t ) ■= 339 3 „ l0 ' N 


Based or\ ’tension ir\ WOoef 

P^j r A S* u = Vs/(b- d Wo 

- ( o.oio)(o.oio - o.oiz^&o x icf) 

* 67.2*/0 3 N 

s/ie<3^ in 4ke wood 

'wet - te)(0'0'to)(o>OSS)(7.SxlC>*) 

N 


Pa - 33.0 x/ 0 J N 


Po _ 33.0 x/o 3 . 
F.S. ‘ 37\ 


io.3)*/o w 
io. a i kw 



r 


PROBLEM 1.49 


Top view 


1.49 In the structure shown, an 8- mm- diameter pin is used at A y and 12- mm- 
diameter pins are used at B and D. Knowing that the ultimate shearing stress is 100 
MPa at all connections and that the ultimate normal stress is 250 MPa in each of the two 
links joining B and D, determine the allowable load P if an overall factor of safety of 
3.0 is desired. 


8 mm < J~~ 

T 


|*- 200 mm —|— 180 mm 12 mm 

* .-1 


1 A 

^ ' 

B C 

A 

B c 

*'<0 



--jSj 

— *> ■*— 20 mm * 1 


D|Ul 



Front view 


12 mm — ►] (-• — 
Side view 


SOLUTION 

Sta+Ycs * U Se A8C as body. 

A 6 

F a F»o 

? M a = O 0.20 Fa - o. IK P = C 
P= 

ZM A 5 O O.lo Fip-0.38 ptsO 

\ ?- 4 f™. 


8a.$ed o*n dottle i* pm A l°i *** 

A z ^(o.ooa) 4 = 50.2C(, */o‘ s 

t -. 1*0 A . (gyiooy/Q < )( 6 -o.g 4 gy/o' c, > „ 3.*S!*)o 3 M 

A F.S. 3.0 

p r F a - 3.72 *10* N 

B«ed ow JooUe slieci. in p'V'S d 8 0 

A •= A x e ^ (0.012 1* ? / 1 3- i© x/O* * 

F 8d = _ (*10oo«/o < -)(ii3.lo»;&~‘) _ 7Sif y/0 -s N 

P = -£- F»o " 3.97 */o 3 M 

8 aS<fd o*n COi^pirpSS i OM in Its 8 D 

Fov out jPi.lt A = (o.ozoXo.ooi) - IgOWo'*^ 


r- _ ZGoA 
ran — 7 zrz - 


U4>0-^ 

3.0 


ICO x/cT 


r */O h f0 


P = F^ 0 =• 14.04 * JO 1 N 


Va^lcie of P is P r 3.72 WO AJ 


3.12 kM 



PROBLEM 1.50 


Top view 


1.49 In the structure shown, an 8- mm- diameter pin is used at A, and 12- mm- 
diameter pins are used at B and D. Knowing that the ultimate shearing stress is 100 
MPa at all connections and that the ultimate normal stress is 250 MPa in each of the two 
links joining B and D, determine the allowable load P if an overall factor of safety of 
3.0 is desired 

1.50 In an alternative design for the structure of Prob 1 .49, a pin of 1 0-mm-diameter 
is to be used at A. Assuming that all other specifications remain unchanged, determine 
the allowable load P if an overall factor of safety of 3.0 is desired. 


><t 1 


200 mm » -j - « 180 m 

a a 


SOLUTION 


Sfa.*H'cs : Dse ABC as body. 



20 mm ?P 




Front view 


12 mm — ►] — 

Side view 


IM 6 :0 0.20 F a - o. JS P = O 

ZM a - o O.lo F«p~o.3S ps a 


Based ow olovUe i* pi* A 

S 7BJr**lcr‘* x 


?- 7$ F»*> 


t - ztuA (gy ioox/o t 
A ~ F.S. " 3-t> 


) , S.Z36*lo 3 M 


p ^ - S.&S X|0 J N 

Based on cfooUe alienin' i*» pi*S <A 8 D 

A - ^al 1 = ^ (o.Oiay r M 3. lo x/o" 6 

p _ 2 CiA _ (a1(loo*/o c ) - t<T 4 v/o*N 

80 " "fTsT ‘ 3.0 r.^xio 

P = $ Fao - 3.77 y/o s N 

Based on eonpnesS i on in Ji nks 8D 

Fan- one f;»k A = (0.0*cO(0,00 8) = I 60 "i 1 


cr — ^ A __ 

rg0 - p s 


3.0 


r 2C.7 */C> S h 


P ~ $ F%d - IH.o4 > IO s N 

AW o*N/at J^e Value of P ?- 3*n>‘io % N 


3.77 kM 



PROBLEM 1.51 


x in. 

t M 


1.51 Each of the steel links AB and CD is connected to a support and to member BCE 
by - in. - diameter steel pins acting in single shear. Knowing that the ultimate shearing 
stress is 24 ksi for the steel used in the pins and that the ultimate normal stress is 60 ksi 
p for the steel used in the links, determine the allowable load P if an overall factor of 
safety of 3.2 is desired. (Note that the links are not reinforced around the pin holes.) 

^ SOLUTION * ct 




— J 


P| A Use /BCE as Fvee \><Ay g c £ ^ 

I-*— 8 in. — 12 in. ► ^ Mg ” O j 

8F„-»1>.o -* 1 

r ■ f K. F “ 

TM C = o 8F„ -I 3 P = o P = iB* 

Bo"hk -Pinks "Hie Same ocfea. o.msl same pi«a at ia-meAtf J 

fcemg c£-He 5<iK,e hiateri'^, wiL? ha,/ e -He set me u )|i *,.)•< L*JL 

on pm in 5 iVi^ h shear 

A ~ = if ("a) - 0. )9<S»3ir in* 

F> = tuA - - V.nay k.ps 

pm l*n Pit)!* 

^ r ( b - c/ ) t s 0. J2$“ in* 

Fu» - SjA - (GO )(o. L?5) - 7.5b ktpS 

DaPFi finite iaa.J Pin k is s+ * F 0 r 1^.712^ fcips.. 

AMjwJJe Laj -&/• S!j«k F-^-= - %ytt ± - 1.4734 kips 

A«lJ fo/* P = F “ O.^E? fops 

F * A 


5* in* 





PROBLEM 1.52 



1.51 Each of the steel links AB and CD is connected to a support and to member BCE 
by 2 " - in. - diameter steel pins acting in single shear. Knowing that the ultimate shearing 
stress is 24 ksi for the steel used in the pins and that the ultimate normal stress is 60 ksi 
for the steel used in the links, determine the allowable load P if an overall factor of 
safety of 3.2 is desired. (Note that the links are not reinforced around the pin holes. 

1.52 An alternative design is being considered to support member BCE of Prob. 1.51 

in which link CD will be replaced by two links, each of j x 1-in. cross section, causing 
the pins at C and D to be in double shear. Assuming that all other specifications remain 
unchanged, determine the allowable load P if an overall factor of safety of 3.2 is 
desired. 

SOLUTION 



Us? TOennLe/' BCE? Ct s tv*«e tody 

I M» - 0 sr co - 2 op = o 


P -- $ F c 


Z M c =o 2 F» b - 12 P - o P=|F* 


A »V» 


Bated o*n pi’* A in sin^-fe she**/' 

A * frf* • 

Fo - OTuA r 

SdLSed On 'fusion /n JUk AB 

A r (k-cl)t = (l-i)Ci) - O.l 25- 
R, - <o u A - (£>o)(o.l3S) = 7.5i5kYps 
(Ji+i m 'Jt'\ A P /is 3 ie. IR =;H.l IT.M Wps 

to^esporJ.K'j uP+itMA-fe JoaJ S^AJcio/'-c: 'ftr- £-F u ?3.lil£ Kips 

8a-s«<f on C a«wal D dodUe .sJiear 

A = 

F y * 2 t;A = = 1 AMZ *•>* 

Bctsed ©n tension in Joints 13 C 

A= (b-rf)i - 0.0645“ *0iV>lO 

R * 2 6i A = (aXso)(o.o6^) = 7.6o kip* (fchrf, fcc+li JUks ) 

Ui**f i otJl >P»wks BC. »s .s*> ec/Pesf, i.e. Fj " 7.6*0 kips 

Corses oi'fiVia'fe Jto*A -fc/* vlroe-^lvir*. = y Fu>“ 3 . 00 ki*ps. 

Ad“U*J ts i.£. P 0 = 3.00 k/^5 

KJlDowJoh iooj for 5+rocW ? * ^ - j- 2 - = 0.13B kip 

V -- 138 A. 




PROBLEM 1.53 


250 mm 



1.53 Each of the two vertical links CF connecting the two horizontal members AD 
and EG has a 10 * 40- mm uniform rectangular cross section and is made of a steel with 
an ultimate strength in tension of 400 MPa, while each of the pins at C and F has a 20- 
mm diameter and is made of a steel with an ultimate strength in shear of 1 50 MPa. 
Determine the overall factor of safety for the links CF and the pins connecting them to 
the horizontal members. 


SOLUTION 

Use member- £FFG ■Fv'eebody. 


OAo 




9ZM e = o 

F CP -(0.6 S)(im*IO l ) • O 


mN 


F t , - 3^x10* N 


Based o io fewSlS* in i.Vvks CF 

A = (t- j) t = (. 0 . 0*0 - O.o«)fo.o/o) - 20D (o*iei,r,|c) 

F 0 -ZliuA* (2X.‘\00*IO C )(700 «IO~‘) — 160.0 * )O a N 

Sensed oh ih S 

A = = f^o.oXo) 1 = 3IM.I6 x/O' 1 »*>* 

Fy = ZVuA = (Z){IS0*I0‘)(Z>*.I(, *IO~‘) - ^*.2*8 x/o s Nl 

AdW F,j ?s snaJJes sjahe.. i.e. F y r 94.248 */o ! W 

, t. f I r-^ _ F- _ <74.548 x/O* _ „ „„ 

fW*r of a«Wy FS. - — r — ^ * 2.4? — 







PROBLEM 1.54 


250 mm 



1.53 Each of the two vertical links CF connecting the two horizontal members AD 
and EG has a 10 * 40- mm uniform rectangular cross section and is made of a steel with 
an ultimate strength in tension of 400 MPa, while each of the pins at C and F has a 20- 
mm diameter and is made of a steel with an ultimate strength in shear of 1 50 MPa. 
Determine the overall factor of safety for the links CF and the pins connecting them to 
the horizontal members. 

1.54 Solve Prob. 1.53, assuming that the pins at C and F have been replaced by pins 
with a 30- mm diameter. 


SOLUTION 

Use member FFG as "free, b oJy. 
I f F* 


a. “to 


-0.2 S' 


= o 

0.4O F cr - (0.&S )(& y/d ) - 6 
F CP -33* to 2 N 




Based on fensi'on no JUka CF 

A = Cb-dlt - (O.OfO- O. OSo)(a.Olo) e I OOK'/O^m (om 

I 2 S'* A = (Z)(<Joo*lo t ){\oo*) 0 ~‘) = 80.0*10* N 

Based on doo\oie. sbe o<r tto pins 

A ~ ^al* - ® f(0.03o) 1 r 7 06. $6 * IQ* m* 

F„ * 2 ft, A * tt JOS’© *10* )(706.$6W0‘ 4 ) - 212.06*10* N 
AcFoeJ F 0 is *7£> 3 W 

F->ef ^ **^y FS - = fr = 3 ?'^ = 2 - 05 ' 







PROBLEM 1.55 




H J 


1.55 A steel plate j|- in. thick is embedded in a horizontal concrete slab and is used 
to anchor a high-strength vertical cable as shown The diameter of the hole in the plate 
is 4 - in., the ultimate strength of the steel used is 36 ksi , and the ultimate bonding 
stress between plate and concrete is 300 psi Knowing that a factor of safety of 3.60 
is desired when P = 2.5 kips, determine (a) the required width a of the plate, ( b ) the 
minimum depth b to which a plate of that width should be embedded in the concrete 
slab. (Neglect the normal stresses between the concrete and the lower end of the plate ) 

SOLUTION 

7..S k‘pi “BctSeJ ©n *f&«nSi©n 

A * (d-d) t 

Pu - SLA 

f.s. = = SLkiiifc 

S©JWr><^ ^ 

_ J ± (F.OP 3 , (3.£o)(2 *£ ) 

a - cf + — — — - r r t 7— rw — 


a - 


” <St m * (36)<£) 

CL ~ I . SS'O in 

Sa-sed on ke'fwfeiA pJWf e and conc^efe 

A = pe^'Wet* * tJupdh = 2(d + t)b t0 = O.Soo Wsi' 

p u = r u A =zr u (a+t)b f.s. = ^ 

S.lw*. 6* L J> =1EUZ_ = 


F.S. = Si 


k - Cfs.)£ _ _ (3.6 _ 

2(a+ t )%, ~ (2 X/.S5-0 XO. 3oo) 


b - 8- 0^ 'to 





PROBLEM 1.56 


1.55 A steel plate in. thick is embedded in a horizontal concrete slab and is used 
to anchor a high-strength vertical cable as shown. The diameter of the hole in the plate 
is | - in., the ultimate strength of the steel used is 36 ksi , and the ultimate bonding 
stress between plate and concrete is 300 psi. 

1. 56 Determine the factor of safety for the cable anchor of Prob. 1.55 when P = 3 
kips, knowing that a = 2 in. and b - 7.5 in. 


SOLUTION 




3 kipi 



\ii : M0m 


Based on +e«5/o« in p-Paie 

A - (a-d)t 

- (2 -4X£) - 0.3406 i«* 

Pu = 

r (36)(0.S906)= \4.04 kps 
F.S.* - f.G9 


8ccsec4 c>h she<xr pfiate anJ concrete -siUb 

t \ - peWnnef ft** * b - £ ( £.+ £ ) b = 

A * - O.Soo ksi 

Po = ^uA = (O.Zoo)(z<+.tf) = 10.91 k/ps 


F.S. * -Bf- c r 3*97 


Ac+Oai of' RS. - 3*97 


PROBLEM 1.57 



* 1.57 A 40-kg platform is attached to the end B of a 50-kg wooden beam AB, which 
is supported as shown by a pin at .4 and by a slender steel rod BC with a 12-kN ultimate 
load, (a) Using the Load and Resistance Factor Design method with a resistance factor 
(p = 0.90 and load factors y D = 1.25 and y L = 1 .6, determine the largest load which can 
be safely placed on the platform. ( b ) What is the corresponding conventional factor of 
safety for rod BC ? 

SOLUTION 



$2TM a = O U.'OfP - 2 A -l.z 1C 2 /' P'-fV, 

For d aoJ. W, r ( 4 o)( 9 . 8 /) r 393.4 N 

r Mo.sm 

■?t> r CfX3 9?. 4) 4-(£)(41©.0 ’ 1 . 062.2 * lo 4 N 

For .PiVe. "Wj = = O 

P L - -3- mj wlai 'ck m = 

Das. <’gn CT\f«tridn 

r D p D 4 . r L p t = 

P - <PB, - V.Bi _ (0.90X 12*10*) - (J.2s-)(l.°(>28«io l ) 

L Y,_ “ I.G 

^ SA20»IO* N 

AMou+IA JoaJ m » £ r 3G2. ^ 

C on v/e*vf i* on a, 

P * P»+P L - 1. 062SXIO* + S.92.0XIO* = 6.^83 */o s N 

C e =. Jk. _ 15 V/O* _ i — 


F s - -Si. « 






( I 





PROBLEM 1.59 


member DF, taiovSe^hanhe^mS <2?°’ < J etermi “ e the average normal stress in 
g at the cross-sectional area of that member is 2500 mm 2 



SOLUTION 


Usm 3 rtid-U*) jo.Vfc fo -fmci -forces 

8 * AS awd 8D ze/'o »n«»v^ev* 4 , 

Jorn+ A • i At) C * 3.1S yn 


1 20 Vh 


By S iw> I -Pet-' 

Fap _ I So 

3JS ~ 3 


Jo,h4 D 


F^=* 

(co^piNessVo* ) 



R»TO€ 



-Av br-i'tw^fe . s 


_5«. - -Z2£_ 

2.3S- " 2.75" 


i>F - 135 iM (co»*p ) 

= I3S * lO 3 hi 


Are*.: A„ - 2i*0 0 ww ' - - ?SOO»l6 


r 4 


iar«/o' 


Stre«i 5^ -- “5so57^» ’ -S¥*/0 C P* - -S¥.0 HPcc 





PROBLEM 1.60 



30 °Vgrc 


i 

[- — 10 in . — — ■*— 8 in.— *-| 


1.60 Link AC has a uniform rectangular cross section | in. thick and 1 in. wide. 
Determine the normal stress in the central portion of that link. 

SOLUTION a n 


JOm 


Use H»e p 

Pafe Foge+ke/* 

' 

w»H fwo 

p oJMeys as a. 


fv'ee kod'j 

f. No4e Hed 


+Ke c.aV>/« 

? 4€mSi'ovi 

I20fli_ 

caries a.+ 

Uoo Jlio - /h 

cf&cM c.ai>pJe 4o «.c4* 

4v\ bod>/. 



/ 



= o 

— (.12 * * 4 X F*c cos 3 o° ) -#- () 0 ^ ( Fac sm So — / ^<30 - O 


rr - _ L' CPfr? 

'*■ ~ 16 oos 3 ^°- lO sin 3 ^ 

ft v'ecL of -Piw k /AC : A : 

Sfr*SS Av>Jr AC i 6V r ~ 


o “ -135. 5*0 JM>. 


A - / m v 4 : im = O . / 2 , 5 ~ / n 


PROBLEM 1.61 

15 mm 



Steel 'on Wood 
w mm 


PROBLEM 1.62 
SOLUTION 


S/X ea<J> 16 mm * mm a^t 

A**: A «£«WiOCl*V »» 

* IIS2 *lo~ c ^ 


6*.= ^=- r 1°8* ?»• = / -° 8 ^ ks ' 

1.6/ When the force P reached 8 kN, the wooden specimen shown failed in shear 
along the surface indicated by the dashed line. Determine the average shearing stress 
along that surface at the time of failure. 

/Veo. r\a shewed 

A > iviKi * /5 mm - {'SS’O t*t* s 1350 */ O’ 6 tvi 

F**cc P r S x lO * N) 

f * T" *T r -5.93 *( 0 ^ Rs -S.9Z MPa. — 
A l 3 SO*/o 4 

1.62 Two wooden planks, each 12 mm thick and 225 mm wide, are joined by the dry 
mortise joint shown. Knowing that the wood used shears off along its grain when the 
average shearing stress reaches 8 MPa, determine the magnitude P of the axial load 
which will cause the joint to fail. 

— •A N — 16 mm 

'/2 mm at Tit*' 16 ”"" 


— - — 16 mm 
— - |-* — 16 mm 

:i&5qnr n 1 5 0 mm 

25 m m 225 mm 


p; tA * ( 8 «io') 0 w» )o‘) = q.nyic? n = 7.22 ww 



PROBLEM 1.63 



1.63 The hydraulic cylinder CF, which partially controls the position of rod DE, has 
been locked in the position shown. Member BD is f in. thick and is connected to the 

vertical rod by a j- in.- diameter bolt. Determine (a) the average shearing stress in 
the bolt, (£) the bearing stress at C in member BD. 

50 SOLUTION 

Use Webber BCD as a -Iree hoo ly and 

400 n> oui AS i‘s a. ~f*/o •fo/'ce nn&m beA 


-- 

- Z.Zln. 


Moo cos IS' 

4oo 7i ' 


_L 2 r 

n w r*4 


= o (ttcHto-Xii F«)- C^zoDCjj F m ) 

- (7 ouIo’)(h-oo 3t« 7S*) - C7s.'i2o°)(40O C^7 s“) = O 

3.3Cf7g - ZW..Z& * o F,* r 8Z2A7SL 

^2F y - o - Li (T e 4 Cx 4 400 73 -° = O 

C K - - 4 oo 75 ° r 78.3 4 it. 


_i_r 

8.2 


t 2Py = O 


- — F 


c - TcTTc/ 7 


Cy - Moo s,n 75 ° = X) 

+ to 5M 7r * !/?*.«■ A 

1 / 97,2 Jfe. 


sfr«s 5 /V* He iooH • V - UM 7.2 JU 
A * f ef x - "f (f) 1 * s 0 . ll^vs - ;„*■ 

be^ BCD, : 

A b r eft - = 0. 23 4375-.'^ 

er - JE_ _ nr?.2_ _ . 

b A. 0 . 2 V* 37 <r ' & / t° P 5 ' 


£ 


H97.2_ 
0.23>**3 7T 


/0.29 frsf 


p = im 2 ^ 4 . 


- S . li ks.* 



PROBLEM 1.64 



(w> r = 

b - 


_ p ? 


1.64 Ay - in.- diameter steel rod AB is fitted to a round hole near end C of the 
wooden member CD. For the loading shown, determine (a) the maximum average 
normal stress in the wood, ( b ) the distance b for which the average shearing stress is 
90 psi on the surfaces indicated by the dashed lines, (c) the average bearing stress on 
the wood. 

SOLUTION 

(Ct'i stress jo -fiie wood 

A«+ - -f - 1.875- .V 




ooo 




7.41 i 


& = dxl) - * ec7 r l 


PROBLEM 1.65 


T 20 n 

jVi 



1.65 Two plates, each 3-mm thick, are used to splice a plastic strip as shown. 
Knowing that the ultimate shearing stress of the bonding between the surfaces is 900 
kPa, determine the factor of safety with respect to shear when P = 1500 N. 

SOLUTION 


Bond (See -JVg uoe ) 

A- 

- iso© vr.ho'*' - l soo y/o c * 


Tu - 2 A % - U^^<?ox/o c K9ooxfo 3 ) ^ 2loo fJ 


zo 

£ 

is y 

r* r 


V///A 

— 6o 

wvU 11 .W-Ws 


E > . .shop 

' P “ ) 5*00 


J.SOO 


PROBLEM 1.66 



1.66 Two wooden members of 3.5 * 5.5-in. uniform rectangular cross section are 
joined by the simple glued scarf splice shown. Knowing that the maximum allowable 
shearing stress in the glued splice is 75 psi, determine the largest axial load P which can 
be safely applied. 

SOLUTION 


A 0 = C3.S)(S.S) r I 1.2S \« 
Q - lo a - 20 ° = 7o° 


Si\ B^os & = 5«‘»o 2© 


2 A# „ 

SwvQ© 


3 m HO* 


- 4«m it =■ 4.4? ^ 


PROBLEM 1.67 


-240 mm 



1.67 A steel loop ABCD of length 1 .2 m and of 10-mm diameter is placed as shown 
around a 24-mm-diameter aluminum rod AC. Cables BE and DF, each of 12-mm 
diameter, are used to apply the load Q. Knowing that the ultimate strength of the 
aluminum used for the rod is 260 MPa and that the ultimate strength of the steel used 
for the loop and the cables is 480 MPa, determine the largest load Q which can be 
applied if an overall factor of safety ofJJs desired. 


SOLUTION 


«t Cow* tilt 

- Q - a 

a* § 

t)St'+ A OS CL -)v*€< body 


| Q 




z-fn.- f-.t = o ^ 

j.fa-F«.o .• a= 

Sensed an s+^e*nj4i) of 1 c*J*le 8F 

Qu - 6^A - N 

Qase J o*\ s4re>ogM o4 Joojp 

Qo = f - § 6-4J 1 

= ;§»(4S0*/o 4 ) $(0.0/0)* - *S.Vt*lo* M 

B*Se<s# o* s{v'e*ij‘bti oP to cf AC 

Q* - -f F*«,u 

= f (5te<» y/o 4 ) f (0. 02'+)*- =r 8S . 2? X /o 3 M 

AcE)*S ij F ' Co »s -)-Ke •"• Oj = HS.ZH^IO N 

hlUJUU JoJ &--§.= ur.os*,o'v 


IS. OS ktJ 


1.68 Link A C has a uniform 7 x y - in. uniform rectangular cross section and is 
made of a steel with a 60-ksi ultimate normal stress. It is connected to a support at A 
and to member BCD at C by f -in. -diameter pins, while member BCD is connected to 

a support at B by a -in.-diameter pin. All of the pins are in single shear and are made 
of a steel with a 25-ksi ultimate shearing stress. Knowing that an overall factor of 
safety of 3 .25 is desired, determine the largest load P which can be safely applied at D. 
Note that link AC is not reinforced around the pin holes. 

SOLUTION 

t)YM s -0 CGUFC)- lo P - o 
= 3. 0822 P P - O.Wo F- 
-r R, = o 

B* - -(|y?.0«33P) r !.*£• P 

Fy * O By+jF It.-'P - o 

2 1 ' ?- f(Zo$3A?) r - 0XUC7 P 
B = 'i V 1 l.‘+lii7P j p-0,16SnZB 
B o&eJ ov\ s+re^-fA of jluk AC : S 0 - GO te,' 

O.osiis’;*) F.m,o *UoXo.o3nr)* 

pt, - (.0. L t%o)(l'V7£') r 0.700 fc./ 

o*-y j'flt of p/n <*-f C •* ApJ„ T gJ 3 ?(g) = IIOVS in 
tlfT 2Sksi (2S)(0.II09 s) ? 2.74/ kip, 

?o * (£>.mo)(2.7£( ) T k‘p. 

Oa es4re*j*fli 2 9 ) r O*07£?o i« 

=r (^)(0.0?^?o) - f.lHS J*>. 

=• (O.7oss$)(\.ins) - I.353S" Utp 

Acf To “H* To r 0.900 k'Y- 

AMU-aie Woe W T>: P = §— - 0.177 top - 277 A- — 


PROBLEM 1.68 


8 in. 







PROBLEM 1.69 



1.69 The two portions of member AB are glued together along a plane forming an 
angle d with the horizontal. Knowing that the ultimate stress for the glued joint is 17 
MPa in tension and 9 MPa in shear, determine the range of values of 6 for which the 
factor of safety of the member is at least 3 .0. 

SOLUTION 

A * - (0.O3o)(o.OSO') - I .So*lO m% 
p = lox/o 5 N Po * (F*S)P » 3 oxid 1 b) 

BclscJ ©Ov i fit 

Co s Z B 


2 $ - r (l7/lO < -)(LSQ»ld z ') __ 

Pj 3 c> * to * 


Cos 0 = O. ^21^5“ 


P© 

8 - 


0. as 


0 £ 22.79 


Sin 0 <u>S 0 * S«Vl 20 


.,V* 2© - = (gXi^gg *<P~* X9X/&) Q Cjr^ 

Po 3 d * /o 3 


20 * 6?. ^ 


0 - 35 . D 3 * 


0 ^ 32 . OB 


Z / X,'l c l° ^ ^ 35 . DS 


PROBLEM 1.70 



/. 70 The two portions of member /15 are glued together along a plane forming an 
angle tfwith the horizontal. Knowing that the ultimate stress for the glued joint is 17 
MPa in tension and 9 MPa in shear, determine (a) the value of 0for which the factor 
of safety of the member is maximum, {b) the corresponding value of the factor of 
safety. {Hint: Equate the expressions obtained for the factors of safety with respect to 
normal stress and shear.) 

SOLUTION 

A* - Co.03oXa.OSo) - j.So *lo * x 

Ai He ophmov* ~(J:S.)c 

Stress * 6" - •*' P^cr = 


50 mm -T ^30mm (FSV * ^ Aft., 

1 * P pc** *8 

Sin det'/'i *4v«$S • tf ■- •£--S'*\&CoS 0 -• R; r* - _Hl4=_ 
si A- 


/c c \ - P^g - _ 

** p P S i'<a 0 005 0 

e tfoMw*, - - -SiiA® — ■ 

- “hx* & - -^r- - T? - “ r 27.?** 

Ue* Pc i C/7^/0 6 )0^OX/o:^ . 32,65- *10^ 




P S |'<A 0 005 0 


Cos x © 


cos ? 21. 


rc -» Po _ ^5. £ 5*10 _ ^ 

* p“- iox/o* * 



PROBLEM l.CI 



Element ti 


Element 1 


1.C1 A solid steel rod consisting of n cylindrical elements welded to- 
gether is subjected to the loading shown. The diameter of element i is denoted 
by d, and the load applied to its lower end by P„ with the magnitude P, of this 
load being assumed positive if P, is directed downward as shown and negative 
otherwise, (a) Write a computer program which can be used with either SI or 
U.S. customary units to determine the average stress in each element of the 
rod. (6) Use this program to solve Probs. 1.1 and 1.3. 


SOLUTION 


E RLE M“EHT i : 


It is f he sum a: f the forces a 
to fHrtt element an d all (ovJer brsi 



n = r n 


k 


k-i 


A V £ T? A g g STRES S in £L£/nt>/T L : 
Area = A; - Ti dA 

L If L 


PROGRm OUTPUTS 


Avc stress = — 

Al 


Problem 1 . 1 
Element Stress (MPa) 

1 84.883 

2 -96.766 


Problem 1 . 3 
Element Stress (ksi) 

1 22.635 

2 17.927 




PROBLEM 1.C2 



20 kN |-<S 


1 .C2 A 20-kN force is applied as shown to the horizontal member ABC. 
Member ABC has a 10 X 50-mm uniform rectangular cross section and is sup- 
ported by four vertical links, each of 8 X 36-mm uniform rectangular cross 
section. Each of the four pins at A, B, C, and D has the same diameter d and 
is in double shear, (a) Write a computer program to calculate for values of d 
from 10 to 30 mm, using 1-mm increments, (1) the maximum value of the av- 
erage normal stress in the links connecting pins B and D, (2) the average nor- 
mal stress in the links connecting pins C and E, (3) the average shearing stress 
in pin B, (4) the average shearing stress in pin C, (5) the average bearing stress 
at B in member ABC , (6) the average bearing stress at C in member ABC. (b) 
Check your program by comparing the values obtained for d = 16 mm with 
the answers given for Probs. 1.8, 1.23, and 1.24. (c) Use this program to find 
the permissible values of the diameter d of the pins, knowing that the allow- 
able values of the normal, shearing, and bearing stresses for the steel used are, 
respectively, 150 MPa, 90 MPa, and 230 MPa. (d) Solve part c, assuming that 
the thickness of member ABC has been reduced from 10 to 8 mm. 

SOLUTION 


POP CE5 m L/NK5 
F = 2 0 kN 






I— azj>vr— ».*« 

0 ) Link bd 

1 F BJj Thic.kne.i&-t L 

^BD ~ ( / ^L -d) 

“ 4 L r B - D /f\ 3 

(3) PHI B 

-- fr / fTTr ! 2 /l 


F 8 , Jj I A qr f\ a\ o*- A C : 
2 Ftu,(&C}-P(AC^0 

} - P (3 d)/z (B C) (TENSION) 

+3 Z<\~ 0 : 2 F cl (sc.) -?(*&)= 0 

F C£ ^- ?(f\B)/Z(BC ) CCoMP.) 

(V Line ce 

I Fee Thick ^ s = t L 

ifa A CE = t L 

° ^C-e - ~ tf^cz 

(h) Pin c. 

% = F ca /(*&«) 


(S) SEWING- STjZ'jS f)T B 
Thi'c/tness cf Pio^h^r AC-tftc 
Si^earB~ F BD /(dt AC ) 

C&) 3tzARlty <s Sr&jzs 5 /^T c 

F ct/Cdt Ac ) 


UNDER FIN & 

2 f E B -T Ac tf, c ( vJ A c /Z) 

TE'-O: Ztz*2F. n 


t[ 

£h/»_Ss. i 


V T 

Z /~g£> 

Ac " ^ c. 


(CONTINUED) 



PROBLEM 1.C2 CONTINUED 


PROGRAM OUTPUTS 


INPUT DATA FOR PARTS (a), (b), (c)l P = 20 kN, AB = 0.25 m, BC = 0.40 m, 
AC = 0.65 m, TL = 8 mm, WL = 36 mm, TAC = 10 mm, WAC = 50 mm 


Sigma BD Sigma CE Tau B Tau C SigBear B SigBear C 


10.00 
11 . 00 
12 .00 

13 . 00 

14 . 00 

15.00 

16 . 00 


78 . 13 
81.25 
84 . 64 

88.32 

92.33 
96.73 

101 . 56 


21 . 70 
21.70 
21 . 70 
21.70 
21.70 
• 21 . 70 
• 21.70 



79 ,. 58 
65.77 
55.26 
47 . 09 
40.60 
35.37 
31.08 



203 . 12 


125 .00 
113.64 
104 . 17 
96.15 
89.29 
83.33 
78 . 13 


- (b) 


17.00 

10 b . 91 

- 21. 70 

IT . '59 

21 . 54 — 

191 . 18 

73 . 53 

18 . 00 

112 . 85 

- 21.70 

63.86 

24 . 56 

180 . 56 

69.44 

19 . 00 

119.49 

- 21 .70 

57.31 

22 . 04 

171 . 05 

65.79 

20 . 00 

126 . 95 

- 21 . 70 

51.73 

19.89 

162 . 50 

62 . 50 

21 . 00 

135.42 

- 21.70 

46.92 

18.04 

154 . 76 

59.52 

22 . 00 

145.09 

- 21.70 

42.75 

16.44 

147 . 73 

56.82 

23 . 00 


- 21.70 

39.11 

15 . 04 

141.30 

54 .35 

24 . 00 

- 21.70 

35.92 

13.82 

135.42 

52.08 

25.00 


- 21.70 

33.10 

12.73 

130.00 

50 . 00 

26.00 


- 21.70 

30.61 

11.77 

125 . 00 

48 . 08 

27.00 


- 21.70 

28.38 

10.92 

120.37 

46.30 

28.00 

^25 Si'Sv' i 

- 21.70 

26.39 

10.15 • 

116.07 

44.64 

29.00 


- 21.70 

24.60 

9.46 

112.07 

43.10 

30.00 


- 21.70 

22.99 

8.84 

108.33 

41.67 


(c) ANSWER : 16 mm <. d <.22 mm 
CHECK: For d = 22 mm, Tau AC = 65 MPa < 90 MPa O.K. 


** (c) 


INPUT DATA FOR PART (d): P = 20 kN, AB = 0.25 m, BC = 0.40 m, 
AC - 0.65 m, TL = 8 mm, WL = 36 mm, TAC = 8 mm, WAC = 50 mm 


Sigma BD Sigma CE Tau B Tau C SigBear B SigBear C 


10.00 

11.00 

12.00 

13.00 

14 . 00 

15.00 

16.00 

17 . 00 

18 .00 

19 .00 

20 . 00 
21 . 00 
22 . 00 

23 . 00 

24.00 

25.00 

26 .00 

27 . 00 

28 . 00 

29 . 00 

30 . 00 



- 21 . 70 
- 21 . 70 
- 21.70 
- 21.70 
- 21 . 70 
- 21 . 70 
- 21 . 70 
- 21.70 
- 21.70 
- 21.70 
- 21 . 70 
- 21 . 70 
- 21.70 
- 21.70 
- 21 . 70 
- 21 . 70 
- 21 . 70 
- 21 . 70 
- 21.70 
- 21.70 
- 21.70 



79.58 

65.77 
55.26 
47.09 
40.60 
35.37 
31 . 08 
27.54 
24.56 

22.04 
19.89 

18 . 04 
16.44 

15 . 04 
13 . 82 
12 . 73 

11 . 77 
10.92 
10 . 15 

9.46 
8 . 84 



725.69 
213.82 
203 . 12 

193.45 
184 . 66 
176.63 
169 . 27 
162 . 50 
156 .25 

150.46 

145.09 

140 .09 
135.42 


156.25 
142 . 05 
130.21 
120 . 19 
111.61 
104.17 
97 .66 
91 . 91 
86 .81 
82 . 24 
78.13 
74 .40 
71 . 02 
67 . 93 

65 . 10 
62 . 50 

60 . 10 

57 .87 
55.80 

53.88 
52 .08 


CRPr^- P/-vr a oo ANSWER : 18 mm <. d ^ 22 mm 

CHECK. For d = 22 mm, Tau AC = 81.25 MPa < 90 MPa O.K. 


(cQ 




(CONTINUED) 



PROBLEM 1.C3 CONTINUED 


PROGRAM OUTPUTS 


INPUT DATA FOR PARTS (a), (b), (c): P = 5 kips, w - 1 .8 in., t 0.5 in. 

^ cir,aR SIGBC TAUA TAUC SIGBRGA SIGBRGC SIGBRGB 


SIGAB SIGBC 
ksi ksi 


0.500 
0 . 550 
6.600 
0.650 
0 . 700 
0.750 
0 , 800 
0 . 850 
0.900 
0 . 950 
1 . 000 
1 .050 
1.100 
1.150 
1.200 
1.250 
1.300 
1.350 
1.400 
1.450 
1.500 


11.262 

11.713 

12.201 

12.731 

13.310 

13.944 

14.641 

15.412 

16.268 

17.225 

18.301 

19.521 

20.916 



-9.962 

-9 . 962 

-9.962 

-9.962 

-9.962 

-9 . 962 

-9.962 

-9.962 

-9.962 

-9.962 

-9 . 962 

-9.962 

-9 . 962 

-9.962 

-9.962 

-9.962 

-9.962 

-9.962 

-9.962 

-9.962 

-9.962 


TAUA 

ksi 


± 2 . 94b 
11.030 
9.511 
8.285 
7.282 
6.450 
5 . 754 
5.164 
4.660 
4.227 
3.852 
3.524 
3.236 
2.983 
2.758 
2.557 
2.378 
2.217 
2.071 


10.147 
8 . 918 
7.900 
7.047 
6.324 
5.708 
5.177 
4.717 
4.316 
3.964 
3.653 
3.377 
3.132 
2.912 
2.715 
2.537 


ksi 


ksi 


ksi 


29 . 

282 

35. 

863 

17 . 

932 

26. 

620 

32. 

603 

16 . 

301 

24 . 

402 

29. 

886 

14 . 

943 

22. 

525 

27. 

587 

13 . 

793 

20. 

916 

25. 

616 

12 . 

808 

19 . 

521 

23.. 

909 

11. 

954 

18. 

301 

22 . 

414 

11 . 

207 


177225 
16.268 
15.412 
14.641 
13 . 944 
13.310 
12.731 
12.201 
11.713 
11.262 
10.845 
10.458 
10.097 
9.761 


19.924 
18.875 
17 . 932 
17 . 078 
16.301 
15.593 
14 . 943 
14.345 
13.793 
13.283 
12.808 
12.367 
11.954 


(cj ANSWER: 0.70 in.^sl.10 in. 
INPUT DATA FOR PART (d): P = 5 kips, w = 2.4 in., t = 0.3 in. 


M ( Q ) 


SIGAB SIGBC 
ksi ksi 


TAUA 

ksi 


0 . 500 
£-550 
0. 600 
0.650 
0.700 
0.750 
0 . 800 
0 . 850 
0.900 
0 . 950 
1 . 000 
1 .050 
1 . 100 
1.150 
1 .200 
1 .250 
1 .300 
1 .350 
1.400 
1.450 
1.500 


12.843 
13.190 
13.556 
13 . 944 
14 . 354 
14.789 
15.251 
15 . 743 
16.268 
16.829 
17.430 
18.075 
18 . 771 
19 . 521 
20.335 
21.-219 



12.452 

12.452 

12.452 

12.452 

•12.452 

•12.452 

12.452 

•12.452 

•12.452 

12.452 

■12.452 

•12.452 

-12.452 

-12.452 

-12.452 

-12.452 

-12.452 

-12.452 

-12.452 

-12.452 

-12.452 


TAUC SIGBRGA SIGBRGC SIGBRGB 
ksi ksi ksi ksi 


29.886 
27.169 
24.905 
22.989 
21.347 
19.924 
18.679 
17 . 580 
16 . 603 
15 . 729 
14 . 943 
14 . 231 
13 . 584 
12 . 994 
12.452 
11 . 954 
11.495 
11 . 069 
10 . 674 
10.305 
9 . 962 


(d) ANSWER: 0.85 in. £ d <, 1.25 in. 


. 

11 . 

. -7 3 

030 

?y. 

p; 

p 




9 . 

511 

-TT. 

tvt 

34 . 

860 

/C 


8 . 

285 

10 . 

147 

32 . 

536 

yy- 


7. 

282 

8 . 

918 

30. 

502 i 



6 . 

450 

7. 

900 

28 . 

.708 

35. 

160 

5. 

. 754 

7. 

047 

27 . 

113 

33 . 

206 

5 . 

, 164 

6. 

324 

25. 

686 

31 . 

459 

4 . 

660 

5 . 

.708 

24 , 

4 02 

29 . 

886 

4 . 

.227 

5, 

. 177 

23. 

24 0 

28 . 

.463 

3 . 

.852 

4 , 

.717 

22 , 

.183 

27 . 

169 

3 . 

. 524 

4 . 

.316 

21 . 

.219 

25 . 

988 

3 

. 236 

3 

. 964 

20. 

.335 

24 . 

, 905 

2 

. 983 

3 

.653 

19 

.521 

23 . 

.909 

2 

. 758 

3 

.377 

18 

.771 

22 . 

.989 

2 

.557 

3 

.132 

18 

. 075 

22. 

. 138 

2 

.378 

2 

.912 

17 

.430 

21 

.347 

2 

.217 

2 

.715 

16 

. 829 

20 

.611 

2 

.071 

2 

.537 

16 

.268 

19 

. 924 



PROBLEM 1.C4 



15 in. 


1 .C4 A 4-kip force P forming an angle a with the vertical is applied as 
shown to member ABC, which is supported by a pin and bracket at C and by 
a cable BD forming an angle ft with the horizontal, (a) Knowing that the ulti- 
mate load of the cable is 25 kips, write a computer program to construct a table 
of the values of the factor of safety of the cable for values of a and ft from 0 
to 45°, using increments in a and ft corresponding to 0.1 increments in 
tan a and tan ft. ( b ) Check that for any given value of a the maximum value 
of the factor of safety is obtained for ft = 38.66° and explain why. (c) Deter- 
mine the smallest possible value of the factor of safety for ft = 38.66°, as well 
as the corresponding value of a, and explain the result obtained. 

SOLUTION 


(a) ffgAvt E B, Dl OF ABC'- 



F + 


T 

B 

ISN 


1 

| 0 in. ■ 


M c - o: (Psin 0(j(lS //),)+ (P , coj<*)(30;«) 

- (Fcoi(iy(l5h))~(F$in p> )[ lZin,)-0 

p /SSintt + 30 cbSX 


1 2 in. 


F . 

IS cosp> + ll sin / 5 

F. S. = 


OUTPUT FOR P — 1/ kips flrtD F »;+- 2 0 kip s 


VALUES OP FS 



0 

5.71 

11.31 

16.70 

21.80 

26.56 

30.96 

34 . 99 

38.66 

41.99 

45.00 

ALPHA 
0 . 000 

3 . 125 

3 .358 

3 . 555 

3.712 

3.830 

3.913 

3.966 

3 . 994 

4 . 002 

3.995 

3.977 

5 . 711 

2 .991 

3.214 

3.402 

3.552 

3.666 

3.745 

3.796 

3.823 

3 . 830 

3.824 

3 . 807 

11.310 

2.897 

3.113 

3.295 

3.441 

3.551 

3.628 

3.677 

3.703 

3.710 

3.704 

3 . 687 

16 . 699 

2.837 

3.049 

3.227 

3.370 

3.477 

3.553 

3.600 

3.626 

3.633 

3 . 627 

3 . 611 

J21 . 801 

2.805 

3.014 

3.190 

3.331 

3.438 

3 . 512 

3.560 

3.585 

3.592 

3.586 

3.570. 

[26.565 

2.795 

3 . 004 

3.179 

3.320 

3.426 

3.500 

3.547 

3 . 572 

3.579 

3 . 573 

3 . 5581 

30 . 964 

2.803 

3.013 

3.189 

3 . 330 

3.436 

3.510 

3.558 

3 . 583 

3.590 

3 . 584 

3.568 

34 . 992 

2 . 826 

3 . 036 

3 . 214 

3.356 

3.463 

3.538 

3.586 

3.611 

3.619 

3.612 

3 . 596 

38.660 

2.859 

3.072 

3.252 

3.395 

3.503 

3.579 

3.628 

3.653 

3 .661 

3.655 

3.638 

41 . 987 

2 . 899 

3.116 

3 . 298 

3.444 

3.554 

3.631 

3.680 

3.706 

3.713 

3.707 

3 .690 

45.000 

2.946 

3 . 166 

3.351 

3.499 

3.611 

3.689 

3.739 

3.765 

3.773 

3 . 767 

3 .750 


TO) .. , 

- 0,8 and cable BD is perpendicular 
26'6° j P is perpendicular fa- /-he 


(b) Vjhenfl = 3 B.U/ fanfi 
It the lever arm Be, 

(c) F, S. - 3,579 for cy - 
le Vfr arm A C 

NOTE: 

The value PS. ~ 3.579 N Ike smallest of theValues of PS. 
correspond' ip to ft - 3 8, 66 ° akd the largest of fhos-e 
chn <f to (X? 2.6.6', The point 0<-Z6. 6” fi = 3ff.by* 

) or "/V mien ay" of I he function F,$, 


Core ( i ponding 
is a "saddle point 


PROBLEM 1.C5 



1 .C5 A load P is supported as shown by two wooden members of uni- 
form rectangular cross section which are joined by a simple glued scarf splice. 
(a) Denoting by u v and r y , respectively, the ultimate strength of the joint in 
tension and in shear, write a computer program which, for given values of 
a, b, P, cry , and t v , expressed in either SI or U.S. customary units, and for val- 
ues of a from 5 to 85° at 5° intervals, can be used to calculate (1) the normal 
stress in the joint, (2) the shearing stress in the joint, (3) the factor of safety 
relative to failure in tension, (4) the factor of safety relative to failure in shear, 
(5) the overall factor of safety for the glued joint, (b) Apply this program, us- 
ing the dimensions and loading of the members of Probs. 1.29 and 1.32, know- 
ing that ay = 1.26 MPa and t v = 1.50 MPa for the glue used in Prob. 1.29, 
and that a j = 150 psi and = 214 psi for the glue used in Prob. 1.32. (c) 
Verify in each of these two cases that the shearing stress is maximum for 
a = 45°. 


SOLUTION 


(!) and (2) 
Hi 


F = P5'mO( 


Praw ihe pB. diagram of lower merr\ be r: 

4.2 'F x -o-: -VfPcos *,= 0 V-Pcp^cy 

■+/XK ~ 0: F - PsinK ~ o 

<y 

hrccL — cl b/sin (Y 
Norm/ sj~re$s ; 

=r (PM) 

Area, y 

Shearing siress J ^ ^ 


? 


\/ 
A r z& 


= (P/CLi>) Sih<X c os0( 


) Pi5,,pOr fcHSi 0*1 (o\Wrry^_i J>tre.e>sesf 
PSN - Cr u /(F 


Of-) F $. For she&ri 

P 55 - / Fd 

C) o\Z£pfll f s . ’ 

p5 ~ 7 ‘he smaller of pjp and P55< 


(CONTINUED) 



KOBLEM 1.C5 CONTINUED 


fRO&RftM 

OOTPO 

i 6 

'or 1 - 

2 

P- 6 kN 



ic J2.5 - 

1 > b r omi , 0{ 

= H, 

r U6 MPa., 

ALPHA SIG (MPa) 

TAU (MPa) 

FSN 

FSS 

FS 

5.0000 

0 . 0049 

0 . 0556 

259.1782 

26 . 9942 

26 . 9942 

10 . 0000 

0 . 0193 

0 . 1094 

65.2905 

13.7053 

13.7053 

1 5 . 0000 

0 . 0429 

0.1600 

29.3899 

9.3750 

9 . 3750 

.0000 

0 . 0749 

0.2057 

16.8301 

7.2925 

7.2925 

25.0000 

0 . 1143 

0.2451 

11.0229 

6 . 1191 

6.1191 

30 .0000 

0 . 1600 

0.2771 

7.8750 

5.4127 

5.4127 

35 . 0000 

0 . 2106 

0.3007 

5.9842 

4.9883 

4 . 9883 

40 . 0000 

0 .2644 

0 .3151 

4 . 7649 

4.7598 

4,7598 

45 . 0000 

0 . 3200 

0.3200 

3.9375 

4.6875 

3 . 9375 

50 . 0000 

0.3756 

0.3151 

3.3549 

4.7598 

3.3549 

55 . 0000 

0.4294 

0.3007 

2.9340 

4 . 9883 

2.9340 

60 . 0000 

0.4800 

0.2771 

2.6250 

5.4127 

2 . 6250 

65 . 0000 

0.5257 

0 . 2451 

2.3968 

6.1191 

2.3968 

7,0.-0 0.00 

0.5651 

0.2057 

2.2296 

7.2925 

2.2296 

75 . 0000 

0 . 5971 

0 . 1600 

2.1101 

' "9.3750" 

2 . ii or 

80.0000 

0.6207 

0.1094 

2.0300 

13.7053 

2.0300 

85 . 0000 

0.6351 

0.0556 

1.9838 

26.9942 

1.9838 

For Prob, ( 

JU 

P =■ 2 <t0O It 




/, 50 MP&, 


◄)■ rc; 




(x-S in., b- Bin., <X= ¥f, % - >50 ps'^ c C lJ - 2/f pi. 


ALPHA SIG(psi) 

TAU(psi) 

FSN 

FSS 

FS 

5 . 0000 

1 . 0128 

11.5765 

148 . 1018 

18.4857 

18.4857 

10 . 0000 

4.0205 

22.8013 

37.3089 

9.3854 

9 .3854 

■ . 000 0 

8.9316 

33.3333 

16.7942 

6.4200 

6.4200 

j . 0000 

15.5970 

42.8525 

9.6172 

4 . 9939 

4 . 9939 

25 . 0000 

23.8142 

51.0696 

6.2988 

4.1904 

4 .1904 

30 . 0000 

33.3333 

57.7350 

4 . 5000 

3.7066 

3 . 7066 

35 . 0000 

43.8653 

62 . 6462 

3.4196 

3 .4160 

3.4160 

4 Q . 0000 

55., 0901 

65.6538 

7228 

3.2595 

2 . 7228 

45 . 0000 

6 6 . 6 667 

66 . 6667 

S'. 2500 

3.21UU' 

2TT5W 

50 . 0000 

78 . 2432 

65.6538 

1 . 9171 

3.2595 

1 . 9171 

55 . 0000 

89.4680 

62 . 6462 

1 . 6766 

3 .4160 

1 . 6766 

60 . 0000 

100 . 0000 

57.7350 

1 .5000 

3.7066 

1 . 5000 

65 . 0000 

109 . 5192 

51 . 0696 

1.3696 

4.1904 

1.3696 

70 . 0000 

117.7363 

42 .8525 

1.2740 

4 . 9939 

1 . 2740 

75 . 0000 

124 .4017 

33.3333 

1.2058 

6.4200 

1 .2058 

80 . 0000 

129 . 3128 

22 . 8013 

1 . 1600 

9.3854 

1 . 1600 

85 . 0000 

132 . 3205 

11.5765 

1 . 1336 

18.4857 

1 . 1336 


(t) 

(O 



PROBLEM 1.C6 



I.C6 Member ABC is supported by a pin and bracket at A and by two links 
which are pin-connected to the member at B and to a fixed support at D. (a) Write 
a computer program to calculate the allowable load for any given values of (1) 
the diameter d x of the pin at A, (2) the common diameter d 2 of the pins at B and D, 
(3) the ultimate normal stress o u in each of the two links, (4) the ultimate shearing 
stress r v in each of the three pins, (5) the desired overall factor of safety F.S. Your 
program should also indicate which of the following three stresses is critical: the 
normal stress in the links, the shearing stress in the pin at A, or the shearing stress 
in the pins at B and D. {b and c) Check your program by using the data of Probs. 
1 .49 and 1 .50, respectively, and comparing the answers obtained for P ^ with those 
given in the text, (d) Use your program to determine the allowable load P& , as well 
as which of the stresses is critical, when d x = d 2 ~ 15 mm, a u = 110 MPa for 
aluminum links, r„ = 100 MPa for steel pins, and F.S. - 3.2. 



20 mm fp 


Front view 



SOLUTION 


Side view 


8 Co) OF ABC: 

A 0: 

d 1 ij^zEEf 


'fr '£D 1 200 r 

r ^ / BO 

(3) for get! d, ot .flAK ^ /rsyird?/*), F » 

(2; £ gf gi*" dj.of piQ ±_£_2»M.- r s ^z (T V /Fj)(nd, jp), P; - zoo ,f 


w V U/ z 39 0 SJ> 

3) t<LL ultimate stress in I BD • f ■= 2 (G' u /F$)(0,Q2)/0M) , F = 

M Tar olt, shear i/)b etre/.r In .. J J 8<y 


M Er dt, sf) strips ■T ire,., } n „ ■ , . p . J 3 @0 

(,■ \ pT~ — 4 'S the smaller 0 f P and V 

v ) LkJe&M overall £5,, 1 P ? i s fh e smaller 0 f Pj J h j P v 

// < P^ , s tress is critical in I inks 

I j Pcf <pg anit P,< P-, stress is Critical in pin f\ 

P ‘1 < P rind 7% <r, , stress is c l~i tier I In piny JS £> 

PRO&tRflP 1 OUTPUT S 

(6) Prdb. I A f . Mrfl;c/ / =S»^d 2 r»2/»im J (? J »2S0«Pa > e^? lOOMPa PS,- 3,0 

P a (L — 3,~7Z 1<N. Stress in pin ft Is critical 

(C ) Jj n»b.t.SO .MT/\: d; =\0m, 4 =lzmm 0 u r ZStfMPa, ^ IDoMPd PS,- 3.0 
P A II~ P>J7kN.; Stress in pins Band D /s critfcexl ^ 

(d) T^lAl d t =d z - is UO MPa, TZs** 3. Z 

fa// r ’5' / 7 9 kN> Stress in lihks /s Critical 









X 


PROBLEM 2.1 


SOLUTION 


i<X) 



2.1 A steel rod is 2.2 m long and must not stretch more than 1 .2 mm when a 8.5 kN 
load is applied to it. Knowing that E = 200 GPa, determine (a) the smallest diameter 
rod which should be used, ( b ) the corresponding normal stress caused by the load. 


A - £J= - (8.S»IO l )(3.2) 

** £§ iaoo*fo*)(ua*icr A ) 


77.<?2x/o' c m* 


A- f 

M £ ■ y - 

PROBLEM 2.2 
SOLUTION 


d-j/s: 


/o' c ) _ 


gjxio* 

17.12*\o- c 


I 09. I x/£>‘ ?0. = 


9. 76 */ 0 * 

“ 9-^6 min 

104. 1 MPa. — 


2.2 A 4.8-ft-long steel wire of 7 -in. diameter steel wire is subjected to a 750-lb 
tensile load. Knowing that E- 29 * 1 0 6 psi, determine (a) the elongation of the wire, 
( b ) the corresponding normal stress. 


(a.) 


Cb^ 


L - 4-8 ft = 57.6 1 


.. A=^fiJ t = = i«* 

§ * ^ _ JJSolCSJ^i) _ 3 0 . 3y/o -i = 0.0303 in 

Ae (hi. ogyxio -» )(;?<? 


6 --£. 


750 


49.0£?*/0 


rj — jS. 7S X iO psi 


ksi 


PROBLEM 2.3 

SOLUTION 


2.3 Two gage marks are placed exactly 10 inches apart on a } -in.-diameter 
aluminum rod with E = 10.1 x 10 6 psi and an ultimate strength of 16 ksi. Knowing 
that the distance between the gage marks is 10.009 in. after a load is applied, 
determine (a) the stress in the rod, ( b ) the factor of safety. 


Ca'i 

s - 

10. Ool 

- 10.000 - 


s . 

L 

6* . 

6-. -p , 

(bi 

F.S. 

, Sl 

S’ 

r 4.09 ~ 


0.009 iw. 

(IOJ x/O* )(p .009) 
10 

1.7€o 


9.09 */0 3 f>M 
- 9.09 kSi 


PROBLEM 2.4 
SOLUTION 


2.4 A control rod made of yellow brass must not stretch more than 3 mm when the 
tension in the wire is 4 kN. Knowing that £ = 105 GPa and that the maximum 
allowable normal stress is 180 MPa, determine (a) the smallest diameter that can be 
selected for the rod, ( b ) the corresponding maximum length of the rod. 


(eO S’ - 
A 


£. . 

A - 


a-£ 


4 * 10 * 


%0 * lO* 


- 7. <?• ZZ2 * /o 


-c 


hi 


* $ ^ - a * yisr * = s,3z *to~* w, 

' ^ - 65. 37 . 

• / - A£S _ (fzzzzxto-^OoSxio^Czyicr*) 

u ~ P 4v/o» 


<M 


/ , 7.5'0 





PROBLEM 2.5 


SOLUTION 


2.5 A 9-m length of 6-mm-diameter steel wire is to be used in a hanger. It is noted 
that the wire stretches 1 8 mm when a tensile force P is applied. Knowing that E = 200 
GPa, determine (a) the magnitude of the force P, ( b ) the corresponding normal stress 
in the wire. 


A = j d> z - ^(o.ooaY = ZS.zv* xio'^ m *- 

PL. . o _ AES LZ8.Z7H*to‘XZQO*l 
A£ ” r L * 'i 




^ AES L22.Z7‘tvlO c XlO°*lo' , Xl%xlO-' t ') 

' ~ L ~ =i 

- //.3y Xio 3, w = 11.31 UM 

aiTrwX)” ' « 400 MPa. 


PROBLEM 2.6 


SOLUTION 


2.6 A 4.5-ft. aluminum pipe should not stretch more than 0.05 in. when it is subjected 
to a tensile load. Knowing that E = 10.1 * 10 6 psi and that the allowable tensile 
strength is 14 ksi., determine (a) the maximum allowable length of the pipe, ( b ) the 
required area of the pipe if. {he tensile load is 127.5 kips. 


(a.) S = L * 

6" = A = 


PROBLEM 2.7 


SOLUTION 

(a ) -§- = M 

L )oo 


£A§ _ _ES _ CiQJ x/0*)(q.q$') 

•p (5" 

JP . IP 7. -ST x(o 3 _ q 1 1 ' i. 

*■ m^toi - I) m 


= 3<5. / 


2.7 A nylon thread is subjected to a 8.5-N tension force. Knowing that E ~ 3.3 GPa 
and that the length of the thread increases by 1.1 %, determine (a) the diameter of 
the thread, ( b ) the stress in the thread. 


= 70.90^ 


A" •* d - J 3 K — O.sysxtcT 3 n 

' 1 TT 

(b) ^ r T r 23 £hio=* = Se.3x,O i f«. = 36.3 H Pec 


PROBLEM 2.8 


SOLUTION 


2.8 A cast-iron tube is used to support a compressive load. Knowing that E = 10 x 
10 6 psi and that the maximum allowable change in length is 0.025 percent, determine 
(a) the maximum normal stress in the tube, ( b ) the minimum wall thickness for a load 
of 1600 lb if the outside diameter of the tube is 2.0 in. 


f- - O.OOOZS 


(b) S’ 


<5- = ££ - do XIO ,L )(0. -J0ozs) - Z.s x/o 3 p s. = Z.S-U sC 

S' - £ A = ^ = 0.6^0 


A = c/;*) 

d).*- do - ^ - ^0 X - = 3J&SI i r,' A 3 1.78*7 

t = i ( eCo - )= i'.(5.o.- 1-73*7 ) = 0. /o77 



PROBLEM 2.9 


2.9 A block of 10-in. length and 1. 8*1.6 in. cross section is to support a centric 
compressive load P. The material to be used is a bronze for which E =14 x 10 6 psi. 
Determine the largest load which can be applied, knowing that the normal stress must 
SOLUTION not exceed 1 8 ksi and that the decrease in length of the block should be at most 0. 1 2 

percent of its original length. 

tkiiowajoie. sfress S - IS kst - 

A *0-00-0 = zss i*' er = -£ 

P * 6* A * C SKS *fo s h 

Co«o s {J ^ OiMovJ aJ» o) 0*1 ” ^OC> ' 

S= •• V ~ kSj- - )() t +*io 1t )Co.oo\z')- *io K 

S vn dfier V a J)o e ^ o \J es'n s P - H8.i ■olo 1 JL, - ¥8.¥ ksps 


PROBLEM 2.10 


2.10 A 9-kN tensile load will be applied to a 50-m length of steel wire with E = 200 
GPa. Determine the smallest diameter wire which can be used, knowing that the 
normal stress must not exceed 1 50 MPa and that the increase in the length of the wire 
should be at most 25 mm. 


SOLUTION 

Com s/cJe^riej <xJJonjc*XJe = ISO *tO L Pa 


6" - -P - 

A = p 


A 

n <r 

ISO *io* ~ 

on s 

ofjfoiJcJbJz, 

S = 

s - PL * 

t\ - pc 

(?x/o 3 K^o) 

S ' A£ " 

A ES 

(20^^10 ^)(2SxiO' 


-6 


Hi 


. -3 

IQ * 


“ qo *ic>' c », z 


Lee 1^2 cv 


ove/“MS 


A “ VO *70 


- 6 ^ 


A * f e l t d *7? - = 10.70 VO 2 * 


- \o.7o 



(3/ PROBLEM 2.11 


2.5 m 

P 



3.5 m 



2.11 The 4-mm-diameter cable BC is made of a steel with E = 200 GPa. Knowing 
that the maximum stress in the cable must not exceed 1 90 MPa and that the 
elongation of the cable must not exceed 6 mm, find the maximum load P that can be 
applied as shown. 


SOLUTION 


6* •*■<+*■ - 7-VU 


Use b <x -Pree Ipojy 


k- 4.0m —I 9IM A = o 3.SP - Fj}o)= ° 

p s O.JS 09 Pgt- Us— A* 

Cons/J ^ a A a+r*M S- = I =t o X 10 ‘ U, 

A = $«r * $(. o.oot)'- - n.Si£*io‘ c m 1 

g- - £L« .• 5 - A - xlo'*'') * 3.388 *10* N 

A 

F«.Uc . c AES ( , )3.5ggv/o' 4 )U Q Q oto^X 6 *«?A - z.ov.yic? V 

s "f^-' Fk u:* 7. am 

SwuJiW VoJut go-ze^s Rc r z. 0*1 lx IO S w 

p - 0 . 950-1 » (p. ">(3.^1 810*) r i.?^xfo 3 fJ--/.?88 w -« 


PROBLEM 2.12 


p = 130 kips 



2.12 Rod AD is made of steel (£ - 29 * 10 6 psi) and is used to brace the axially 
compressed member The maximum force that can be developed in member AD 

is 0.02P. If the stress must not exceed 18 ksi and the maximum change in length ot 
BD must not exceed 0.001 times the length of ABC, determine the smallest diameter 
rod that can be used for member BD. 


SOLUTION 

cr - o.oz 9 * (a^OOso'i - 7.6 - z.qxict'JL 
00 

C onlJeri^ sW S-= 18 ksi = IS*IO s r»f 

S' - f” •• A = I s - » 0 . 1^1 ^ 

S-lP.OoOCW^ O.W*. 


c _ FWU,. A - F a°^° - C ?.CWQ 3 X^) - O .o33« i» l 

§ ~ A? ' ££ ' C«4xio‘')(o.l t * t l') 

A - O.HW 


PROBLEM 2.13 


30 mm 



3.7337 *(&• 


2.13 A single axial load of magnitude P = 58 kN is applied at end C of the brass rod 
ABC. Knowing that £=105 GPa, determine the diameter d of portion BC for which 
the deflection of point C will be 3 mm. 


SOLUTION 



z fy * + u ? 

t Aqc 3 


(|Q5~ XIO*0(.3 **IO~ 3 ) _ 1-2 

5$«lo* ^Co.o3o) : 


3. 7334 x/o 3 m' 1 


0.2 


3,7 




A*. - S 4 


&c 



7T 


IG.SZvlcT 1 * 

~ Iv» M ^ ® 


PROBLEM 2.14 



2.74 Both portions of the rod v4£C are made of an aluminum for which E - 73 GPa. 
Knowing that the diameter of portion BC is d = 20 mm, determine the largest force P 
that can be applied if o,,, = 1 60 MPa and the corresponding deflection at point C is not 
to exceed 4 mm. 


SOLUTION 

A as » 7 06.Sfcxlo‘ 6 

3/4.U *lo~‘ 

Con bt’Jc^in ^ uXJPt s’W'fcSS S" B i&o^lo* 'Pol 

€T- ••• p = AS- 

fiw+r,*, A6 P* )06oxto 4 ) - )I3 . l*'/o 3 N 

P°*-+W SC P = d3/VM6 * (*<=>* lo‘\ * S0.3*lO 3 h 


ConSipl^A m j ailPdtaj eXJ*. aMvfec/h'u* § c « 4**/<2* 


£ = =•-£-/ ^g_ +. L &<- \ 

^ ^ A£ £ V /W Abc ) 

P , E S, + ^)" - (73 *7o 




o,g 


-I 


rO 


=r 63, £ *7o 3 M 

P* SO.Z^lc? K) - 6^.3 kK/ 


N/eciot P 



PROBLEM 2.15 


diameter 


1-in. diameter 


14-in. diameter 



1 ™ T T Sh T 1S made fr 0 ™ a ' -in.-diameter cylindrical steel rod with two 
■S-in .-oute r-diameter sleeves bonded to the rod as shown. Knowing that E = 29 x10“ 

T n 'i a r ** ° ad P S0 ,hat the l0,al deformation is 0.002 in (b) the 
corresponding deformation of the central portion BC. * 


SOLUTION 

(a) § ■= v _ £. ? Li 


AiEt 

p- ^s^r 


A- 



irt . 

d, i* 

A t .U x 

L/A , i„-' 

AB 

a 

1.5 

1.7671 

1. \-2>l8 

EC 

3 

Lo 

o.nsf 

3.«|97 

CO 

2 

1.5 

1.7671 

1. ISIS 

x-l 



SOh-i 


(tO w Z is* r -5 . 

Aoc£ b = I.ZSHyio t* 


0.4 m 



PROBLEM 2.16 
P 


20-mm diameter 


0.5 m 


2.16 Both portions of the rod /15C are made of an aluminum for which E - 70 GPa 
lGiowing that the magnitude of P is 4 kN, determine ( a ) the value of Q so that the 
deflection at A is zero, ( b ) the corresponding deflection of B. 

SOLUTION 

(a.) = f(0Mo)* - siH.lt y/o c 

Age ^(O.04o) l = Z S27V x/cT 5 

Force /« member i* ? +e*s ton 

§ AQ - - (^v/q 3 )^q.4) 

(7oj»IO t X 214.16 x10^) 

= 72.756 v/’o" 4 trt 

Fofee BC 1, Q- p 

Slt^su. g. -- jgL-.P > Ajs . (a- f>)(o. S') 

J E A« t (70X10"! )(l.$27‘tx l (S > ) 

= z.sz&s «icr' (a-p) 

Ftw' zero def'JecJ - ,'<m *-t A S ic - S A8 

S.S2&Sxlo 9 (&-?) = 72.7 SCxtO- 1 - Q- P-- 2g.S x/o 3 M 
O’ - ^2.3 X/o* + 4*lo s = 32.8 X/o’ M = 32.8 kW 

(b) S w - § Sc , - S g - 72.7TC Wo'‘ »*n - 0.0728 


60-mm diameter 


<$ PROBLEM 2.17 


2.17 The rod ABC is made of an aluminum for which E = 70 GPa. Knowing that P 
= 6 kN and Q = 42 kN, determine the deflection of (a) point A, (b) point B. 


0.4 m 


0.5 m 


20-mm diameter 


SOLUTION 

(.a.) A*e - ? ^(o.oso'j 1 - 3H. Si *to 

= ?f(o.oio)' ■= m 


-€ ■»- 


P A8 = P r € */o 3 N 


i 


60-mm diameter 


P&c = P-Gt- 6*/O s - -34M0* W 

i-A(3 r O.Hm 


Lfit T 0--S - iv» 

s r £fiUa g (€^id s )Co.«Q 

Aac^ ' (3i*. uwcr^^oyio*) 
r- I 0 ^ . ISS* */o“ 4 


f 


V*"\ 


O _ Psc Lgc » (-34 Wo* Ko-sO 

^ ~ Aac.H ' am^io^poKlo’) 
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- £ 


r - ^0.^7 v lo ^ 


*3 A r ^A6 + S«c r 10*. l3£‘*|o‘- < t©.W</oV< ? I Ml HO- 1 ^ 

: 0.0181“) ►*,** 


(W Se - S 


<Sc 


- ?o.^ Ho ' 1 M “ - o.ow 




118 The 36-mm-diameter steel rod ABC and a brass rod CD of the same diameter are 
joined at point Cto form the 7.5-m rod ABCD. For the loading shown, and neglecting 
the weight of the rod, determine the deflection of (a) point C, ( b ) point D. 


SOLUTION 

A = - ^(o. 03 i) 4 = I.O)7g7 */o' 3 wA 


Pov4l*OV» 

p„ 

U 

C 

PiU /A e- 

AB 

/50 kM 

2 * 

2oo G?u 

l.47tf x jo' 3 m 

BC 

1 0D KW 

3 

260 GP< 'a. 

1.474 » io‘* m 

CD 

loo kfj 

— 

7.Sn 

1 OS G Pa. 

5.331 y/o’* m 


(a) - SarV 1 ?*. - 1.474 *(O s + 1.474 *lO~' 

- 2.448*/0‘ s *, •= Z.1S 


(V) St, - S c + S co - 2.4 48 x(o' 3 + 7..J34 170" 3 

- S.Z97rlO-‘^ = , 5 ". 54 -• 

2.19 The brass tube AB(E= 15* 10 6 psi) has a cross-sectional area of 0.22 in 2 and is 
fitted with a plug at A. The tube is attached at B to a rigid plate which is itself attached 
at C to the bottom of an aluminum cylinder (E = 1 0.4 * 1 0 6 psi) with a cross-sectional 
area of 0.40 in 2 . The cylinder is then hung from a support at D. In order to close the 

cylinder, the plug must move down through in. Determine the force P that must 
be applied to the cylinder. 


Shorten i'n<j of i uj>e AS 

^ + CH r /S.0^7 in Q.2Z \r\ X 

E*r /S*io 4 p»«* 

§ . £J=fi» s ros.o*) _ . - 7 .* 

5, a* o^'o‘xo.2?) " 

he* oT eyiVfttficiA (CD 


Uo ' ^ ** 4 r 0.4O i* 

c r PU ^ ? Os') 

~ E.pAco ~Qo.H*io t ’)(o.Ho) " 


£cs > * * 10 * pji 

3 .$0SS*(O* ? 


To+#J 



- ( y.SS17*lo 6 f 3.6oJg ? -= 5'.7V xio* JL. 

= 5177 ^ 









PROBLEM 2.22 


2.22 For the steel truss ( E - 200 GPa) and loading shown, determine the deformations 
of members AB and AD, knowing that their cross-sectional areas are 2400 mm 2 and 
1800 mm 2 , respectively. 


225 kN 



SOLUTION 

S'hii'ics • ReeLcfSonS Ajht IIH kfj upuesd cJt A 4 C , 

Wetter iS <3. Z ■€.v'o ** e>*7 L es 

Lab =-J^ * sis'- = *+.717 

Us€ A <xs Cl fvee bo Ay '■ r O 

Fas — ZlS.lo kk) 




ILL _ JlsSL p = o 

^ V?'? Ha8 



-izr, = O 


p - JL- p 

r *o rr^rz r A 


•i.in ' 4Q 


- o 


114 k)J 




AS: S A(i = -R L M - UiS~.lo*io , )('4.in) 

EAn (?oo x/o’ )(34co */o’ 4 ) 


- 5 .U*lO~ s » r 2. II 


-S 


5 - R L »» _ (l8J.¥*IC?XV.O> „ _ , „ „ 

tr A “ p TTy — = 2^-3 Wo K - ^.03 

o A* 0 (2tfO XIO’X l£©OX(0"* } 


y PROBLEM 2.23 


6 ft 

B 

6ft - 

C | 

s? 

S^^ t 

S? 

SS 5 ft 

f D 

Bit 

f 2S kips ’ 

54 kips 


2.23 Members ^5 and 5C are made of steel (E = 29 x 10 6 psi) with cross-sectional 
areas of 0.80 in 2 and 0.64, in 2 , respectively. For the loading shown, determine the 
elongation of (a) member AB, ( b ) member BC. 


SOLUTION 


■a ) U,~ -/sV S* = 7 .xio-ff. - 93.72 i( 

Use A cka ex Ppec body 


rzF y = o 
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Cb) Use joM'f f3 a. •(-»*«■« bod^ 

8 . Rsc ~*2 R = o 
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R. 
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(H3. 74*10^(43.7:0 _ n . 

CX7v|o‘Xo.3o) " ' 1767 m '‘ 


AO 
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y f 86 


^ 7. Sio “Aft 


R„ = 


RU * ^sto 7 ^ = - 33 - 60 ~ 33 - co x, ° 3 ^ 

§ #4 T fk L «* * isa.GQHio'X™) 0.I3OV 

E A sc Wkic?‘)Co.C 4 ^ 




PROBLEM 2.24 2.2¥ Members AB and CD are 1 g -in.-diameter steel rods, and members BC and AD 

are j -in.*diameter steel rods. When the tumbuckle is tightened, the diagonal member 
" I ' X ’ Aft c AC is put in tension. Knowing that E = 29 x 1 0 6 psi and h = 4 ft, determine the largest 

allowable tension in AC so that the deformations in members AB and CD do not 
aW exceed 0.04 in. 

) ! ^ SOLUTION 

^ 'S. ^6 “ SfiO ' 0.04 in = 4$ in. - L CI) 

M ... A c# -= fd*- = f (i.nsT * 0.11402 ;* 1 

^ 3^ c _ /~c»Lcb 

u — 3d — 4 Sco ~ hacd 

p . Eh > £& » (WloDCo.Woz'iCO-oD 

ct ‘ Leo * '« “ 

= 21.022 «I0 3 JL 

Usfi Je5i'* t C a- laooLj ^~~ 6C . p. 

+T ZFy = O : Fo - J Ft * 0 •- F> £ = £ Fo 'Vr 

F» £ * $(ih.ovx*io 3 )= 30.0*10* A. F u 

30. O kips -*m 




PROBLEM 2.25 



2.24 Members AB and CD are 1 % -in.-diameter steel rods, and members BC and AD 

are j -in.-diameter steel rods. When thetumbuckle is tightened, the diagonal member 
AC is put in tension. Knowing that £ = 29 * 10 6 psi and h = 4 ft, determine the largest 
allowable tension in AC so that the deformations in members AB and CD do not 
exceed 0.04 in. 

2.25 For the structure in Prob. of 2.24, determine (a) the distance h so that the 
deformations in members AB, BC, CD and AD are all equal to 0.04 in., (b) the 
corresponding tension in member AC. 


SOLUTION 
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PROBLEM 2.26 


180 mm 


260 mm 



2.26 Members ABC and DEF are joined with steel links (E = 200 GPa). Each of the 
links is made of a pair of 25><35-mm plates. Determine the change in length of (a) 
member BE, (b) member CF. 


SOLUTION 


1— 240 mm -J lfikN 


__ 4 . 

ISkW 


p Use newber A&C as c*. -?•/>€€., body 

_ ^ OlM^o 

( 0.?£o)Cl8 y|o s ) - (o.iao)Fcr = O 
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1JlA c - FeeLte (-W*Io 3 ')(o.Md) _ 

£A * (MO*LO-')U.7S-«)0-3) =-*0-3*1° -0.03O3 m 



PROBLEM 2.27 


2.27 Each of the links AB and CD is made of aluminum (E = 75 GPa) and has a cross- 
sectional area of 125 mm 2 . Knowing that they support the rigid member BC, 
determine the deflection of point E. 


¥a 1 

P = 5 kN 

■ 

Si> 
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^ PROBLEM 2.28 



2.28 Link BD is made of brass (E - 15 * 1 0 6 psi) and has a cross-sectional area of 
0.40 in 2 . Link CE is made of aluminum (E = 10.4 * 10 6 psi) and has a cross-sectional 
area of 0.50 in 2 . Determine the maximum force P that can be applied vertically at 
point A if the deflection of A is not to exceed 0.014 in. 


SOLUTION 
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clS «. -V Pee. boe$- 
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PROBLEM 2.29 


SOLUTION 


Zl /JUZ l 


? 


J 


1 L 



V 


M 




2.29 A homogeneous cable of length L and uniform cross section is suspended from 
one end. (a) Denoting by /?the density (mass per unit volume) of the cable and by E 
its modulus of elasticity, determine the elongation of the cable due to its own weight. 
(b) Assuming now the cable to be horizontal, determine the force that should be 
applied to each end of the cable to obtain the same elongation as in part a. 

(CL) F or e$e,*r\e*\ poi'w'V i f-ieel by y 

T"* r oT 

ds = , ^q-yW/ = £3iL-jl Jty 

Ef\ E A E J 

S* /f (Ly-V)f 


1 = "o TV 


PROBLEM 2.30 


2.30 Determine the deflection of the apex A of a homogeneous circular cone of height 
h , density /?, and modulus of elasticity £, due to its own weight. 
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PROBLEM 2.31 


2.31 The volume of a tensile specimen is essentially constant while plastic 
deformation occurs. If the initial diameter of the specimen is d u show that when the 
diameter is d, the true strain is = 2 ln(<2, /d). 


SOLUTION 


If fU 

L . dL - /A\* 


■f d 4 L = df L 0 


k z Ol * = (ii) % 
io d 1 Id / 

e t » A. £ ^ (J) 1 : 


PROBLEM 2.32 


2.32 Denoting by fthe “engineering strain” in a tensile specimen, show that the true 
strain is e x = ln(7 + e). 


SOLUTION 


^ - Mr, £ ^ Mr, = l(l^) 

Tli os £ t ~ jPn ( I + £ ) 
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PROBLEM 2.33 


2.33 An axial force of 60 kN is applied to the assembly shown by means of rigid end 
plates. Determine (a) the normal stress in the brass shell, ( b ) the corresponding 

nftfnrmatinn rvf thf» aecpmhh/ r b 



1 , e - 
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PROBLEM 2.34 


5 mm 5 mm 


20 mm V \ / 

5 


Steel core ^ 
E - 200 GPa 


Brass shell x 
E = 10S GPa 


2.34 The length of the assembly decreases by 0. 1 5 mm when an axial force is applied 
by means of rigid end plates. Determine (a) the magnitude of the applied force, (b) 
the corresponding stress in the steel core. 

SOLUTION 

Lcf P^ “ po^h'cM of a.x\oJ} fo^ee coyAe&l ^ t>^A.ss 
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2.35 The 4.5-ft concrete post is reinforced with six steel bars, each with a 1 j -in. 

diameter. Knowing that E s = 29 x 10 6 psi and £ c = 4.2 * 1 0 6 psi, determine the normal 

stresses in the steel and in the concrete when a 350-kip axial centric force P is applied 
to the post. 


SOLUTION 


Lei P c - CM dP a-yi at* 4Wce ca.W'i&cl ty Ca'iCsvtz 
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PROBLEM 2.36 


2.36 An axial centric force of magnitude P = 450 kN is applied to the composite block 
shown by means of a rigid end plate. Knowing that h = 10 mm, determine the normal 
stress in (a) the brass core, (b) the aluminum plates. 






PROBLEM 2.37 


2.37 For the composite block shown in Prob. 2.36, determine (a) the value of h if the 
portion of the load carried by the aluminum plates is half the portion of the load 
earned by the brass core, ( b ) the total load if the stress in the brass is 80 MPa. 


SOLUTION 
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PROBLEM 2.38 


mm 


2.35 The 4.5-ft concrete post is reinforced with six steel bars, each with a 1 i -in. 
diameter. Knowing that £, = 29 * ! 0 6 psi and E c = 4.2 * 1 0 4 psi, determine the normal 
stresses in the steel and in the concrete when a 350-kip axial centric force P is applied 
to the post. 

2 J8 For the post of Prob. 2.35, determine the maximum centric force which may be 
applied if the allowable normal stress is 20 ksi in the steel and 2.4 ksi in the concrete. 


4ift 


SOLUTION 


De+C^Mi'ne aJJtotOcJaft *4^0*^ 


s v e .O- ? , $k. , . 


Concur £ -- & - 
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PROBLEM 2.39 



500 mm 


2.39 Three steel rods ( E = 200 GPa) support a 36-kN load P. Each of the rods AB and 
CD has a 200-mm 2 cross-sectional area and rod EF has a 625- mm 2 cross-sectional 
area, Determine the (a) the change in length of rod EF, ( b ) the stress in each rod. 

SOLUTION 
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PROBLEM 2.40 




2.40 A brass bolt (£ h = 1 5 * 1 0 6 psi ) with a f -in. diameter is fitted inside a steel tube 

(£, = 29 x 1 0 6 psi) with a j -in. outer diameter and j - in wall thickness. After the nut 
has been fit snugly, it is tighened one quarter of a full turn. Knowing that the bolt is 
single-threaded with a 0. Lin. pitch, determine the normal stress (a) in the bolt, (b) in 
the tube. 

SOLUTION 
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PROBLEM 2.41 

8 in. . 10 in. , 10: 


18 ^ 14VS 


] ' 

1 g -in. diameter 1 1 -in. diameter 


2.41 Two cylindrical rods, CD made of steel (£ = 29 * 10 6 psi) and AC made of 
aluminum (£ = 10.4 * 10 6 psi), are joined at B and restrained by rigid supports at A 
and D. Determine (a) the reactions at A and D, ( b ) the deflection of point C. 


SOLUTION 



^ > L w : S w 
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PROBLEM 2.42 

SOLUTION 


2.42 A steel tube (E * 200 GPa) with a 32-mm outer diameter and a 4-mra thickness 
is placed in a vise that is adjusted so that its jaws just touch the ends of the tube 
without exerting any pressure cm them. The two forces shown are then applied to the 
tube. After these forces are applied, the vise is adjusted to decrease the distance 
between its jaws by 0.2 mm. Determine (a) the forces exerted by the vise on the tube 
at A and D, (b) the change in length of the portion BC of the tube. 
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A »?(«!/-£)/) = J-(32 l - 24 1 ) 



- 351.86 * 3SI.2(, *io i „*■ 


AB : 


BC: 


? r 


1:0. 030 m 


* 

^ t A 1 

Lk , 
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EA 
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PROBLEM 2.43 

SOLUTION 


Ra 


8 


V 


2.42 A steel tube ( E = 200 GPa) with a 32-mm outer diameter and a 4- mm thickness 
is placed in a vise that is adjusted so that its jaws just touch the ends of the tube 
without exerting any pressure on them. The two forces shown are then applied to the 
tube. After these forces are applied, the vise is adjusted to decrease the distance 
between its jaws by 0.2 mm. Determine (a) the forces exerted by the vise on the tube 
at A and D, (b) the change in length of the portion BC of the tube. 

2.43 Solve Prob. 2.42, assuming that after the forces have been applied, the vise is 
adjusted to decrease the distance between its jaws by 0. 1 mm. 
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PROBLEM 2.44 



2.44 Three wires are used to suspend the plate shown. Aluminum wires are used at 
-4 and B with a diameter of y in. and a steel wire is used at C with a diameter of 

72 in. Knowing that the allowable stress for aluminum (£ - 10.4 x 10* psi) is 14 

ksi and that the allowable stress for steel (E » 29 x 10* psi) is 18 ksi, determine the 
maximum load P that may be applied. 

SOLUTION 

By P A = P B > 

AJtso } - $ 

S'fr&ir* in eacJn wire ■ •*• 
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PROBLEM 2.45 


8 in 

f- 

10 in . 








jc f 


1 


D 

-•-12 in .-*- -*-12 in .-* -*-12 in .-*- 



2.45 The rigid bar AD is supported by two steel wires of ^ -in. diameter (E = 29 * 
1 0 6 psi) and a pin and bracket at D. Knowing that the wires were initially taught, 
determine (a) the additional tension in each wire when a 220-lb load P is applied at 
D, (b) the corresponding deflection of point D. 

SOLUTION 
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PROBLEM 2.46 






PROBLEM 2.47 


2.47 The rigid rod ABCD is suspended from three wires of the same material. The 
cross-sectional area of the wire at B is equal to half of the cross-sectional area of 
the wires A and C. Determine the tension in each wire caused by the load P. 
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PROBLEM 2.48 


2.48 The rigid bar ABCD is suspended from four identical wires. Determine the 
tension in each wire caused by the load P. 



_L ^ S c 


SOLUTION 
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PROBLEM 2.49 


2.49 A steel railroad track (E - 200 GPa, a = 11.7 * 10' 6 /°C) was laid out at a 
temperature of 6°C. Determine the normal stress in the rails when the temperature 
reaches 48 °C, assuming that the rails (a) are welded td form a continuous track, ( b ) 


SOLUTION 

are 10 m long with 3-mm gaps between them. 
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PROBLEM 2.50 


, jj Brass core 
1 / E - 15 X 10 6 psi 
I a = 11.6 X 10 - 6 /°F 

% Aluminum shell 
f E = 10.6 X 10 6 psi 
tj a = 12.9 X 10- 6 /°F 


2.50 The aluminum shell is fully bonded to the brass core, and the assembly is 
unstressed at a temperature of 78°F. Considering only axial deformations, determine 
the stress when the temperature reaches 180 °F (a) in the brass core, (b) in the 
aluminum shell. 

SOLUTION 
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PROBLEM 2.51 


5 mm 5 mm 

v \ 20 mm 

20 mm V \ / 

5ram_ ^ys«r s " 


Steel core / 
E = 200 GPa 


Brass shell / 
E = 105 GPa 


2.51 The brass shell (a b = 20.9 x 10' 6 / o C ) is fully bonded to the steel core (a g = 1 1 .7 
x 10‘ 6 /°C ). Determine die largest allowable increase in temperature if the stress in the 
steel core is not to exceed 55 MPa. 

SOLUTION 

Lfil* p s - ciXfet/P de\>e/oped m flic. s'I'e.eJ! 
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PROBLEM 2.52 



2.52 The concrete post (E c = 25 GPa and <x e = 9.9 * lOVC) is reinforced with six 
steel bars, each of 22-mm diameter (E t = 200 GPa and a s = 11.7 x 10' 6 /°C). 
Determine the normal stresses induced in the steel and in the concrete by a 
temperature rise of 35 °C. 

SOLUTION 

As - fsP ' 2.ZV02*IC?^= ZZ8 o 2 xi 6' yi 
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PROBLEM 2.53 



It - in. diameter 

4 


steel 


2.53 A rod consisting of two cylindrical portions AB and BC is restrained at both 
ends. Portion AB is made of steel (£„ = 29 * 10 6 psi, a s = 6.5 * 10' 6 /°F) and portion 
BC is made of brass (£ b = 15 * 1G 6 psi, a b = 10.4 * 107°F). Knowing that the rod is 
initially unstressed, determine (a) the normal stresses induced in portions AB and BC 
by a temperature rise of 65 °F, (b) the corresponding deflection of point B. 

SOLUTION 
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PROBLEM 2.54 


60-nun diameter 

w 



40-mm diameter 


2.54 A rod consisting of two cylindrical portions AB and BC is restrained at both 
ends. Portion AB is made of brass (E b = 1 05 GPa, a b = 20.9 x 1 0' 6 /°C) and portion BC 
is made of aluminum (E t . = 72 GPa, a„ = 23.9 x ]0V°C). Knowing that the rod is 
initially unstressed, determine (a) the normal stresses induced in portions AB and BC 
by a temperature rise of 42 °C, (b) the corresponding deflection of point B. 

SOLUTION 
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PROBLEM 2.55 




PROBLEM 2.56 



2.53 A rod consisting of two cylindrical portions AB and BC is restrained at both 
ends. Portion AB is made of steel (E s - 29 x 10 6 psi, a % = 6.5 x !0‘ 6 /°F) and portion 
BC is made of brass (E b = 15 x 10 6 psi, a b = 10.4 x 10' 6 /°F). Knowing that the rod is 
initially unstressed, determine (a) the normal stresses induced in portions AB and BC 
by a temperature rise of 65 °F, ( b ) the corresponding deflection of point B. 

2.56 For the rod of Prob. 2.53, determine the maximum allowable temperature change 
if the stress in the steel portion AB is not to exceed IB ksi and if the stress in the brass 
portion CB is not to exceed 7 ksi. 

SOLUTION 
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PROBLEM 2.57 


2.57 Determine (a) the compressive force in the bars shown after a temperature rise 
of 96 °C, (b) the corresponding change in length of the bronze bar. 


0.5 mm 



Bronze Aluminum 

A — 1500 mm 2 A = 1800 mm 2 
E = 105 GPa E = 73 GPa 

a * 21.6 X 10-VC a = 23.2 X lO^rC 
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PROBLEM 2.58 


0.5 mm 


-*j j-* — 0.35 m — *j-* 

J 

■ 0.45 m -| 

™e*TT j 

Bronze 

Aluminum 

A = 1500 nun 2 

A * 1800 mm 2 

£ - 105 GPa 

£ = 73 GPa 

a = 21.6 X lCVC 

a * 23.2 X 10 -*/°C 


P 

— 


2.58 Knowing that a 0.5-njm gap exists when the temperature is 20 °C, determine (a) 
the temperature at which the norma] stress in the aluminum bar will be equal to -90 
MPa, (b) the corresponding exact length of the aluminum bar. 

SOLUTION 

Gk. = “ ?o pa. A^= isao^/o' 6, ^ 

P = ~<5LAa. - ( ! ?Oy/0*')(l860x(0‘‘) =■ 162 vio 1 N 
Jjc. "h> I 5 

+ PI, 
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gjt S T * L b o< k .(Ar) + Uo/a(AT> 

= (O.SS'X2l.6 x|o' 4 ) AT +(O.VX23.2 *lo“) AT 

- /S.oo x/o“ 640 


fifing I&.aorto’* (AT) - I. t tl<t79*l6'* 


Ar = 7S.6 a c 


Ca) 


•ttt S - 


ihdt * "t«4i + A"r 


= So 4 7 J ,4 = 98 . G “C 


u qua n - 


= C0.9S-X23.2x, O -‘)(78.c)- 

' (73X10°’ Xl&OG «■[©- ‘) 


8 ZO.S 2 *io*‘ “ £ 51 . 79 * 10 '* = 


26 . 5.78 x/ 0 *‘ m 
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PROBLEM 2.59 


0.02 in. 


-12 in.- 


10 in.- 




Aluminum 
A m 2.8 in 2 


Stainless steel 
A = 1.2 in 2 


E = 10.4 X 10 6 psi E = 28.0 X 10 6 psi 

a = 13.3 X 10~ 6 /°F a — 9.6 X 10~VC 


Sp - 


PL 
A* EL 


- t PU 




2.59 At room temperature (70 °F) a 0.02-in. gap exists between the ends of the rods 
shown. At a later time when the temperature has reached 320 °F, determine (a) the 
normal stress in the aluminum rod, ( b ) the change in length of the aluminum rod. 

SOLUTION 

AT - 32.0 - 7o 2SO 

Free ’H\<*r***J ey 

LoPkCAT* W LsC*s(Ar) 

- (u K/ 3 .S «io c )(zso)+ 0 °X^ * /o'* 

- 63.9 in = O.OC3? m. 

Skov'-'fe.* "fo "P ^ freest" c.o**s*fvw* t 

- 0.0639 - 0.03. •* 0.0939 tV» 

- f .L«r + i=£- \ p 
^ A^Eo. AsE& ) F 
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IX 
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E? 

(a) 

(U 


■Kn 


oA-rtn 


(3.S )(/o_9xjo c ) v (l.2X^- 0>f |0 6 ) ) ^ " 709„7/ *70 -P 

7o9.7/*/o'‘' p = 0.093*? f = Sl.S-S^x/O* -ft 

^ r ~ £ - - 

r - Zi.OI kSi ' 




Lo^(Ar) - -£U- 

Atn.Cn 


-- uzKMnicrtoso) - 


Zl.lo yio~ z - ZS.W*! O 


-3 


¥. 9 / *fo“* 1* 
O.OI9MI 



0.005 in 


PROBLEM 2.60 2 * 6 6 ° Abrass link (£ b = 15 x 10 6 psi> 10.4 x 10' 6 /°F) and a steel rod (E s =29x 

10 ksi, a s ~ 6.5 * 10' /°F) have the dimensions shown at a temperature of 65°F. The 
steel rod is cooled until it fits freely into the link. The temperature of the whole 
assembly is then raised to 100°F. Determine (a) the final normal stress in the steel 
| 2 in. rod, ( b ) the final length of the steel rod. 

n~J L5,n ‘ SOLUTION 

I j ~f l' 5 AT d c* bs-f 

U»M»» —J 

S mm - -Ilf Q 

Steel I 


Section A-A 


At = ioo - <ss“ = 36 °f 


Free "hh C'rwxA.P expa^rx S<'o</t crT qo^cX. pa/'i" 

ftnk (S T )t - oL^AtYl) - (lo.9x|o‘ c X*5)0*) “ 3. 64*/o' S m 
SHeP PoJ (S r )s - O^CAT X l> ) * (€.Fxfo‘‘ - 2.374“ x/O** 

M fie He “Piree oi -Flue 

0.00^+ 2.375*10“* - 3.69WO“ S - 3.GSS»to s iv> 

-Pow^e^ "H*** -He bvMiaa -PiVifc 

AJJ e<fOui bu*f opposite -Po/'cei P +o 

--, €.Pov»^ Ctvxe) COO*ftA<cc4" 

0 — "W>« .sVre-P roJ. 

^ — ■ — R fl. L /C \ _ P L. _ P 0°") 

B sJ ‘* k (S f \. - (zXheMClsw*) 

T = III. H */o‘* 2 

sy^ (s,y, * - -~ ? Si$L— 

- * IG^P 

(%\ +(§p) s - 3.635*10'* 

( 39,2. lo x 10 “* )P * 3.635*/0~ S P* 9 .^ 7 o^ */o* 

(«0 R*a,P s+ifeSS »Vx ^o4 SI «--£• r — 9 : 37o5»/0* 

* A 50-iSV 
- - 7.sr*/o s /»si - -z jar)*; - 

(b^ Ffvx^J yfen^-H, of* s^vcjP v'oJ 

L| ' 10.000 4 0.005 +(SrV (Sp)s 

= lO.OOS’-t ZXTSVIO* -(230. 99* fO“*)(9. 27o5* /0* ) 

- ID- 00469 !a. 



PROBLEM 2.61 



2.61 Two steel bars (E, « 200 GPa and a t = 11. 7 x 10' 6 /°C) are used to reinforce a 
brass bar (£ b = 105 GPa, a ' t = 20.9 * 10' 5 /°C) which is subjected to a load P = 25 kN. 
When the steel bars were fabricated, the distance between the centers of the holes 
which were to fit on the pins was made 0.5 mm smaller than the 2 m needed. The steel 
bars were then placed in an oven to increase their length so that they would just fit on 
the pins. Following fabrication, the temperature in the steel bars dropped back to 
room temperature. Determine (a) the increase in temperature that was required to fit 
the steel bars on the pins, ( b ) the stress in the brass bar after the load is applied to it. 

SOLUTION 

(A Re^iAreJ + ew pesPatorc fo* 


£ y T Q.S Ktc'n - O.S * IO~ % rn 

Tev^p effort +» exp W 


S r - Lok-AT O.SxlO'* ‘s(Z0O)0l. m t*Jo m ‘X&‘T) i AT r 


o.s*j o* s » Ca.Kn.7x io‘ 4 XAT) 

AT- ZI.3CS 9 C ZI.VC. 
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( Vl- =7 ? oox |0 -^(/ 0 5>/o^ ' 3».7V4WO , P 

8^+ ($p) s + (SpK -Pke {•yib’aj M uS’ff^*’ 

-1 


fS f ) s *l%f) k - O.£xio\ P".= O.SXIQ 


.1 


P* - *. 8 II v/o* N 
Stresses Joe fo -feJo fn /©* 

Sfeei • <5-/= * -SzSWUQ^.- M.o3*/o‘P«_ r ^>.03 MTte. 

6^*= ' , 8.HIXIO 3 = -/v.^gy/o 4 p a '-14.63 MPa. 

At Goo y io**t 

Tt> tAese stresses ™us+ be cud Jed He stv'tssss Ju>« -fU 2S kU JIokA. 


ConttMUeJ 



PtobJPeto 2.61 Cort*h‘n oecJ 


Fov *H»« <*.AAeJ Joed; +")»€ aJJih't>**J defor M6st | O-^i iS He 
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f ,/e-l- P s P b be -He a.JJ> Ha/'c.es 

A*\J-efopee t iVi He s4«e<P etwaf Io/ass^ ^e^pee.ttv'e.fy. 

s' s fkk - TU- 
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261 Two st eel bars (E s = 200 GPa and a^UJx 10' 6 /°C) are used to reinforce a 
brass bar (E b = 105 GPa, ^ = 20.9 x 10' 6 /°C) which is subjected to a load P = 25 kN. 
When the steel bars were fabricated, the distance between the centers of the holes 
which were to fit on the pins was made 0.5 mm smaller than the 2 m needed. The steel 
bars were then placed in an oven to increase their length so that they would just fit on 
the pins. Following fabrication, the temperature in the steel bars dropped back to 
room temperature. Determine (a) the increase in temperature that was required to fit 
the steel bars on the pins, (6) the stress in the brass bar after the load is applied to it. 

2.62 Determine the maximum load P that may be applied to the brass bar of Prob. 
2.61 if the allowable stress in the steel bars is 30 MPa and the allowable stress in the 
brass bar is 25 MPa. 

SOLUTION 

f-© PROBLEM ‘3*61 ob'f&.i* "blit a'fv^Ses 

5^= 7%. 03 MPa. 6~* r - 1Y.C8 MPa. 

A s+resses.: 30 MPa. ^ * ZS MPa. 
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P±, s ^A b £ - (lor* /o^Xtoo */o"‘ ystSS'x/o 4 ) - Silvio* /V 

To'haP tc a.eW i 

P - Ps + P b - 3.I8& */o s 4. Z.S’//*lo i - £.70*10* U 

= ^-.70 <cK/ -- 




PROBLEM 2.63 



11 


-in. diameter 


17 kips 


2.63 In a standard tensile test a steel rod of \ -in. diameter is subjected to a tension 
force of 17 kips. Knowing that v- 0.3 and E = 29 x 10 6 psi, determine (a) the 
elongation of the rod in an 8-in. gage length, ( b ) the change in diameter of the rod. 


SOLUTION 


P * V7 » P*| 0 s it. A' * O. 60132 i* x 


- 55? o 7x/0 > . r g 

0 A 2 ps, c* ' 2<*wo 4 ~ 


“ 17^x10 
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- 0.00 780 IM 


£y - - ) - -zn.sxio"* 
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PROBLEM 2.64 


2.64 A standard tension test is used to determine the properties of an experimental 
plastic. The test specimen is a 15-mm-diameter rod and it is subjected to a 3.5 kN 
tensile force. Knowing that an elongation of 1 1 mm and a decrease in diameter of 
0.62 mm are observed in a 120-mm gage length, determine the modulus of elasticity, 
the modulus of rigidity, and Poisson’s ratio of the material. 


120 mm 


SOLUTION 


,15-mm diameter 


***> - 


A = f = 7 ('-£)*■ - 06.7/5" 
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PROBLEM 2.65 



2.65 A 2-m length of an aluminum pipe of 240-mm outer diameter and 10-mm wall 
thickness is used as a short column and carries a centric axial load of 640 kN. 
Knowing that E = 73 GPa and v= 0.33, determine (a) the change in length of the pipe, 
(b) the change in its outer diameter, (c) the change in its wall thickness. 

SOLUTION 

do ~ 2.10 *■>*■> JO mivt - do ~ 220 

A = 7.ZXS7^IO t mm 1 
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>4 


PROBLEM 2.66 



! 

60 mm 

1 

r 

fep 

► .A 






t 








2.66 The change in diameter of a large steel bolt is carefully measured as the nut is 
tightened. Knowing that E = 200 GPa and v= 0.29, determine the internal force in the 
bolt, if the diameter is observed to decrease by 1 3 pm. 

SOLUTION 

$ y = -/3XK> _C ha d ® &OX/0~* 

E r- */cr‘ 
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2.67 An aluminum plate (E = 74 GPa, v = 0.33) plate is subjected to a centric axial 
load which causes a normal stress a. Knowing that before loading, a line of slope 2: 1 
is scribed on the plate, determine the slope of the line when o = 125 MPa. 

SOLUTION 


sfop* ocf-'Ve t/' is 

gk - _ . , _ —s 

£ ' 77*10* 


+** 9 = *0 + $r\ 

n-£* 


*lo 
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l.WSSI 


PROBLEM 2.68 
SOLUTION 


2.68 A 600 lb tensile load is applied to a test coupon made from in. flat steel plate 

(£ => 29 x 10 6 psi, v- 0.30). Determine the resulting change (a) in the 2.00-in. gage 
length, ( b ) in the width of portion AB of the test coupon, (c) in the thickness of portion 
AB, (d) in the cross-sectional area of portion AB. 
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PROBLEM 2.69 


2.69 A 1-in. square is scribed on the side of a large steel pressure vessel. After 
pressurization the biaxial stress condition at the square is as shown. Knowing that E 
= 29 x 1 0 6 psi and v~ 0.30, determine the change in length of (n) side AB, ( b ) side BC, 
(c) diagonal AC. 

SOLUTION 

<r v — 1.2 ksi 

= 3.57. 12 V 

£j * |r(6^- [C^IO > -(Q.3o>;iav)0 3 )] 

=• *\o m% 
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- J ( I + 3£2xiO~ c ')* + ( I + *yef c )*■ 

= LH-WSZ _ _ 

(AC's* * Va AC -(^C). * 3o7*/o-‘ ;» — 
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PROBLEM 2.70 


cr ;j - 6 ksi 



2.69 A 1-in. square is scribed on the side of a large steel pressure vessel. After 
pressurization the biaxial stress condition at the square is as shown. Knowing that E 
= 29 x 10 6 psi and v- 0.30, determine the change in length of (a) side AB, (b) side BC, 
(c) diagonal AC. 

2.70 For the square of Prob. 2.69, determine the percent change in the slope of 
diagonal DB due to the pressurization of the vessel. 

SOLUTION 
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PROBLEM 2.71 


I 



2.71 A fabric used in air-inflated structures is subjected to a biaxial loading that results 
in normal stresses <r x = 120 MPa and a = 160 MPa. Knowing that the properties of 
the fabric can be approximated as E - & GPa and v= 0.34, determine the change in 
length of (a) side AB , (b) side BC, (c) diagonal AC. 

SOLUTION 

6 X - I2o«io c Pa > = S z •= 

r ^ '( ^ ) 
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PROBLEM 2.72 



2.72 The brass rod AD is fitted with a jacket that is used to apply an hydrostatic 
pressure of 48 MPa to the 250-mm portion BC of the rod. Knowing that £=105 GPa, 
and v - 0.33, determine (a) the change in the total length AD, (b) the change in 
diameter of portion BC of the rod. 

SOLUTION 

s; = 6*2 = - p =• - Pc , = O 

E x - C ^ Gj - Wz ^ 

= 7577 ^? [ - 48 x ;o s - ( 0 . 33 X 0 ') - Co. 33 )(- H& */o c )] 
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2.73 The homogeneous plate ABCD is subjected to a biaxial loading as shown. It is 
PROBLEM 2.73 known that a t = a 0 and that the change in length of the plate in the x direction must be 

zero, that is, e x = 0. Denoting by E the modulus of elasticity and by ^Poisson’s ratio, 
determine (a) the required magnitude of a x , (6) the ratio a Q / e z . 

= ^ j ^J~°) ° 

S* = - - v 61 ^ 
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PROBLEM 2.74 



2. 74 For a member under axial loading, express the normal strain d in a direction 
forming an angle of 45 ° with the axis of the load in terms of the axial strain e % by (a) 
comparing the hypothenuses of the triangles shown in Fig. 2.54, which represent 
respectively an element before and after deformation, (b) using the values of the 
corresponding stresses a 'and o x shown in Fig. 1 .40, and the generalized Hooke’s law. 
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PROBLEM 2.77 


35 


2.77 Two blocks of rubber, each of width w = 60 mm, are bonded to rigid supports 
and to the movable plate AB. Knowing that a force of magnitude P = 19 kN causes 
a deflection 6- 3 mm, determine the modulus of rigidity of the rubber used. 

SOLUTION 

Consider opper of rokke*"* Tle-fo^cc 



cx*y"f\ 


ieA (% fcP. 


S'+v'e.ss 


key* A r (ISO **,)(' 60 v *0 - /O.gy/O 1 ^ r o ' 3 

? * I? y I0 3 N 

X~ (i X 19*10* ^ - o.S7?C3*K> 4 Pa. 

lo.S x io -4 


r’f'&S. * o-o 


857 N 


r $ - Q ;* 7 !ti* /Q4 - iO.ter/O* fk r /a?6 MPa- -« 


0.0357/f 



PROBLEM 2.78 




gfltl 


180 mm 


2.78 Two blocks of rubber, for which G = 7.5 MPa, are bonded to rigid supports and 
to the movable plate AB. Knowing that the width of each block is w = 80 mm, 
determine the effective spring constant, k = P/5, of the system. 

SOLUTION 

Cov\6\de* fh-e up>jf>e»r bJkcir of rotten. The 

"1 . l* s .ip fotAce ca^ic«j| is 'k.'P. 

h Tke sf^?ss 

*p 7 TT = 


>-L-o w-jvi'c-.k 

P ^ 

"/ - ^ \*aAicV S r hT 

Effecf iv»€ sjpvt'nj ■)**> f r r ^-yT 

Wo+;«^ fUt r * Gr J 

k , 2 hG- = (Z)i 0 .l%°)Cc. 0 So) C 7 S * lQ t ) g £)7xJO « N/m 


o.ozr 


G.l?x /0 3 kN/ /Vi 



PROBLEM 2.79 

3.5 iriH 



2.79 The plastic block shown is bonded to a fixed base and to a horizontal rigid plate 
to which a force Pis applied. Knowing that for the plastic used G = 55 ksi, determine 
the deflection of the plate when P = 9 kips. 


Com sf dev* 

■pitsHc block. 

fo/'C f C 

\S P r Jl, 


TVe is A - (3 .S)(5.5)- 1 1.7S 





I9.2S 


HG1. S2 


Ske**'*^ S+*V,„ r - = ~SS 7 *fi * ’ O.oogsoo 6 

Bo+ r = Xo.oos&oc) t 0.0187 


0 . 00*5006 


PROBLEM 2.80 
P 


2.80 A vibration isolation unit consists of two blocks of hard rubber bonded to plate 
AB and to rigid supports as shown. For the type and grade of rubber used r aM = 220 
psi and G = 1 800 psi. Knowing that a centric vertical force of magnitude P = 3.2 kips 
must cause a 0.1 in. vertical deflection of the plate AB , determine the smallest 
allowable dimensions a and b of the block. 


SOLUTION 


p: i \- : 

-it?- b 


Collides -Hie WPoejc oa *H\p f li’K X4 

Ca'nridS Ck 3 *f oAc? *fw iiP~ 

n e S’f^s's is “X. “ ^r- 

J A 




o<r 


A = 

Su4 

A = 0 

■ o) b 

KeAc« b ~ 

A_ 

J.o ‘ 
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b- 2.H* .V 

S^eA^iA 


r 

BA 

v 1 S 

7 " a 


We*c* CL “ 

A. - 

T 


at " CzXzzo } 


*727 fV 


180 o 


- 0. 1*23.3. 




PROBLEM 2.81 



2.8 J An elastomeric bearing (G = 0.9 MPa) is used to support a bridge girder as 
shown to provide flexibility during earthquakes. The beam must not displace more 
than 1 0 mm when a 22 kN lateral load is applied as shown. Determine (a) the smallest 
allowable dimension b, ( b ) the smallest required thickness a if the maximum allowable 
shearing stress is 420 kPa. 


SOLUTION 


r - £ 


PROBLEM 2.82 


ece^i’n^ P - N 

* H2.0 v {O 1 P& 

/x/o'V 

r SZ.'bS! *10* tnm~ 


A . -S3.38) »fo 3 


A - (200 Xb') 
b - 
T- s. - 

ax -&-» 


2oo 2oo 

- X - 420W0* _ 

O. 4 ? x (o € 

_ __ /o 

T 


i K£>.£7*lo 


46 G .67 */0 
— 21 - 4 »n»*i 


*»*n 
-5 



2.52 For the elastomeric bearing in Prob. 2.81 with b = 220 mm and a = 30 mm, 
determine the shearing modulus G and the shear stress rfor a maximum lateral load 
P = 19 kN and a maximum displacement 3= 12 mm. 

SOLUTION 

SViea\r»*3 P - 19 x/o s K/ 

Area. A " Uoo *,.0(270 ~ 49x/o 

- 4H y I0‘ s h' 

c TSnSs " 43/.S/xio*P* 

A 4Hy, ° X 43/ UP CL — 

ncj sfr-Atw "V' - - 0,900 


SK 




KOO 




^5 


r - -X - 43/»8/ wo 
* T O.H 


- I.OSO"/0*Pa 
- I.08O Mfifc 


i 





*2.83 Determine the dilatation e and the change in volume of the 200-mm length of 
the rod shown if (a) the rod is made of steel with E ~ 200 GPa and v=0.30, ( b ) the 
rod is made of aluminum with E = 70 GPa and v= 0.35. 

SOLUTION 

A = f - 3St>.\2 nJ* 3So.\S */o“ c ^ 

P =• N 6i = ~ - 151.01 v)O fc P*. Sj = Q = O 

£** -^>61 ) = -jp Sj -- -r 

e “ £* + £y +• ) - H -■ 

VoJU*e if - At * t3B0. 13 -r 7C.OX4> */0* vn^ 3 

~ ‘Z/'e 


PROBLEM 2.83 

• 22-mm diameter 



— 200 mm — ►) 


W » M - 

AV * (7C.O^6k/£>*)^«x| 0'‘') - 18.40 *«m ! 


IV) A-/t 
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A 1 T-* (7CM6 rio* Ys\ 1 *l 0 m * ) “ 39. H 



PROBLEM 2.84 


*2.84 Determine the change in volume of the 2-in. gage length segment AB inProb. 
2.68 (a) by computing the dilatation of die material, ( b ) by subtracting the original 
volume of portion AB from its final volume. 


FVo~ PCOSLFM 
■H'We.kwess - ik 

E - 

U ~ 0.30 




SOLUTION 


(&) A r r 0. 03 izs • 

= AL a - (0.<?$i2$~)(2.oo } =• o.o&is 
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-- j** T en-07*icr* 
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£ - £ K 4-fy 4- ^ - X4V.SSX/0' 


A^ - e *(a.oci5')(M t t.23*l <>* ) r i6.£5'*/o‘ s in 3 

CW) "fta s oi^'fron. "fa* "PRoBt-EH 

S x - I. 32* */o~ s $y - - «* §> = - 12-^1 */o~ 4 i* 

T/?t ol«*^6**st‘d»/is (x 6 OO -f $06. of CL/ 1 * 1 

L - L 0 + S„ ■ g’+/.3zy^o' 3 = z.oo I3Z4 ,h. 

W.'ei+k W=M/ 0 +S y - x_ ^xzxio-L r 0. Mil icxn In. 

4k,-ckws t=t„+ % 2 . ' it - I7. t fl *IO~ & - <3. 062‘+g7j>’9 


2. OOI3Z4 im. 
o.4 “m oo7 


Ui.-J<Ktss t=t a + Sj. = it -/ 2 . 4 /x/o' 5 < 3 . 062487 l 5 £ i i‘w 

v/ 0 Jow,€ V - Lu/fc * 0. 05*5 I £539 i» 3 

- V- <y; = ao«zr|6S'39 -0.0625" = I C*SHrlO' i ’ in 



PROBLEM 2.85 


SOLUTION 


*2.85 A 6-in. diameter solid steel sphere is lowered into the ocean to a point where 
the pressure is 7.1 ksi (about 3 miles below the surface). Knowing that E = 29 x io 6 
psi and 0.30, determine (a) the decrease in diameter of the sphere, (b) the decrease 
in volume of the sphere, (c) the percent increase in the density of the sphere. 


A. soil'd litre ^ J ^ (<Z.Oo)* - 113.097 i* 3 


6* Sy * = “ P " - 7. I X IO % pti 


£* = -v% - vO - -- LirZalft = „ 0 -* 
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-C 


Likewise ^ = - 97.93 x/o 

e * £ x + ^ ^ = - 293.7? x/o 

(al -Ad = -do £ x ^ -(G.ooX 17.93X/0' 6 ^ - S88*lo~ U 

to 5 - Oi 3 . 097^-293, /o~ 4N ) =• 32.1*10 
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S£ 
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i+e 


- 0 ^ e + e 1 "- 1 = -e -* e' -e 3 -+.._ 

-6 




-e - 293. 79 */o' 
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PROBLEM 2.86 


*2.86 (a) For the axial loading shown, determine the change in height and the change 
in volume of the brass cylinder shown. ( b ) Solve part a assuming that the loading is 
hydrostatic with a x - a y = <7 Z = - 70 MPa. 



a y = -58 MPa 

E = 105 GPa 
v = 0.33 


135 mm 


SOLUTION 

135" •» o. 1 35* pn 

A 0 ’ - S. CJHS //0 s w™ 1 - SMMS* lo 3 w* 

7£6.0&*U? - 7S6.06//0' 4 

to) <5^ = O , 6^ = - SS Pa. } — O 

£j = £- (- ■ ue v +■ - vs; ^ 

- ~ ,%**fo* 1 -^2.S8^0-‘ 

AVt ^ h„Sy * 03^ phmK- ST^. 38 x/o‘ 6 ) a - 0.0746 ^ —a 
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e - (lCG>.06xlo* t"i* % )C- 680 )*lar c ) ~ - SZI 



PROBLEM 2.87 



*2.87 A vibration isolation support consists of a rod A of radius = f -in. and a tube 

B of inner radius R 2 = 1 in. bonded to a 3-in.-long hollow rubber cylinder with a 
modulus of rigidity G = 1.8 ksi. Determine the largest allowable force P which may 
be applied to rod A if its deflection is not to exceed 0. 1 in. 

SOLUTION 
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PROBLEM 2.88 



*2.88 A vibration isolation support consists of a rod A of radius R, and a tube B of 
inner radius R 2 bonded to a 3-in.-long hollow rubber cylinder with a modulus of 
rigidity G= 1.6 ksi. Determine the required value of the ratio R/R t if if a 2-kip force 
P is to cause a 0. 12-in. deflection of rod A. 


SOLUTION 
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PROBLEM 2.89 



*2.89 A composite cube with 40-mm sides and the properties shown is made with 
glass polymer fibers aligned in the x direction. The cube is constrained against 
deformations in they and z directions and is subjected to a tensile load of 65 kN in the 
x direction. Determine (a) the change in the length of the cube in the x direction, ( b ) 
the stresses a x , a y , and o z . 

E x = 50 GPa v x . = 0.254 
E y = 15.2 GPa v xy = 0.254 
E x = 15.2 GPa v zy = 0.428 

SOLUTION 
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PROBLEM 2.90 


■ #Jk 


mmm 


*2.90 The composite cube of Prob. 2.89 is constrained against deformation in the z 
direction and elongated in the a: direction by 0.035 mm due to a tensile load in the x 
direction.. Determine (a) the stresses a„ a y , and a z , ( b ) the change in the dimension 
in the y direction. 

E z = 50 GPa v„ = 0.254 
E y = 15.2 GPa Vt y = 0.254 
E t = 15.2 GPa v Z y = 0.428 
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PROBLEM 2.91 


SOLUTION 


*2.91 Show that for any given material, the ratio G/E of the modulus of rigidity over 
the modulus of elasticity is always less than \ but more than | [Hint: Refer to Eq. 
(2.43) and to Sec. 2.13.] 
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PROBLEM 2.92 


*2.92 The material constants E, G, k, and vare related by Eqs. (2.33) and (2.43). 
Show that any one of these constants may be expressed in terms of any other two 
constants. For example, show that (a) k = GE/(9G - 3 E) and ( b ) v= (3 k - 2G)/(6k + 


SOLUTION 
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PROBLEM 2.93 


2.93 Two holes have been drilled through a long steel bar that is subjected to a centric 
axial load as shown. For P = 6.5 kips, determine the maximum value of the stress (a) 
at A, ( b ) at B. 



SOLUTION 
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PROBLEM 2.94 



^ - K£ 

6 "*’ < ‘ A~t 

A+ loole 6 


2.94 Knowing that <7 aU = 16 ksi, determine the maximum allowable value of the 
centric axial load P. 

SOLUTION 
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PROBLEM 2.95 


2.95 Knowing that, for the plate shown, the allowable stress is 125 MPa, determine 
the maximum allowable value of P when (a) r = 12 mm, (b) r = 1 8 mm. 


SOLUTION 
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PROBLEM 2.96 


2.96 Knowing that P = 38 kN, determine the maximum stress when (a) r = 10 mm, 
(Z>) r = 16 mm, (c) r = 18 mm. 



SOLUTION 
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PROBLEM 2.97 


rf= 


2.97 Knowing that the hole has a diameter off -in., determine ( a ) the radius r f of the 
fillets for which the same maximum stress occurs at the hole A and at the fillets, (6) 
the corresponding maximum allowable load P if the allowable stress is 1 5 ksi. 

SOLUTION 
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PROBLEM 2.98 


K 2.2 in. , 

Lj 


2.98 For /» = 8.5 kips, determine the minimum plate thickness t required if the 
allowable stress is 18 ksi. 


SOLUTION 
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PROBLEM 2.99 



2.99 (a) Knowing that the allowable stress is 140 MPa, determine the maximum 
allowable magnitude of the centric load P, (b) Determine the percent change in the 
maximum allowable magnitude of P if the raised portions are removed at the ends of 
the specimen. 


SOLUTION 

£> - 7Sj»* s USo 


A*,-* " t OS'XSO'} - 7 SO**? - 7 Soy id 


\T _ G 
-> Ji SO 

^ b K - 2 * 1 ° 

-4 


d 5 " O 

F««t 2.G^ l» 


“O.l? 


\ rr\ 


La) 61 «. P - ^ Uso^crnOio^) , N 

A *'" K ^ IO 

((s') WiVli r<a. <‘secp secHi'e** ^ - l*0o 

P 3 $SO*16 C X\HO X)0"V i0S«lL? = 165“ kM 

% c 1 1 0 7a 


PROBLEM 2.100 



2.100 A centric axial force is applied to the steel bar shown. Knowing that is 
135 MPa, determine the maximum allowable load P. 


SOLUTION 

Af Hie hoJe • V' - 7 d r - 1 % - 72 . 

o. I2s Fv'o^ Fi '2 2.CH a. h\ ~ 2- &5 

A*.+ - t J *• 0S'X7*.V LOS x/o**** * 1.08 *IQ Z 


S 


m*»c 


KE. 

A~* 


p , 6 ~~« _ (i.oS^XiSfx/g P _ W • 55 M> 

K 2.6S- 


- 13£- - J <Z'2'2 

*"* > d ~ la ~ ‘ 666 


A+ f»//c+ I) - / 2.0 ^ dr 70 

t- 10 w* 5 ~ = O.mi Ro-.F^ 2 . 6 */ t «- 2.02 

A*i» ■* t di - (JS)C‘)o) - I .SSVlo 1 = /. ZS*/o~ s *vP 




- J<£ 
A~;. 


p _ Art* - ().35"x/c? V 1 35* ^ <0 ^2 _ kU 

K “ X-0%. 

S v4i,P</e ^eV' P Co^’fvo-'fc P = v53* 






PROBLEM 2.101 


SOLUTION 


2.101 The 30-mm square bar AB has a length L = 2.2 m; it is made of a mild steel that 
is assumed to be elastoplastic with E = 200 GPa and <7 V = 345 MPa. A force P is 
applied to the bar until end A has moved down by an amount S m . Determine the 
maximum value of the force P and the permanent set of the bar after the force has 
been removed, knowing that (a) <%, » 4.5 mm, ( b ) <5 m =8 mm. 


A - (30)(t6^ * ^OO 3 900 #/0“ C y* 1 " 

%y- Le< - & , = 3.7 isticr' 

I ^ > Sf Pm * As, ' (1oo*\o c X3K*lo) r 

S' = * S/ “* 3.7*T 


s r - 

S* 8 V.S* M* > 


S^-S - 1 

P* * siosv/o* m 


3Js.r 


— 3. 715“ mw * 0.7o $“>*** 

4 S mm > Sy Bl0.$ , x/O J W a 3 JO. 6" Uv 


PROBLEM 2.102 


SOLUTION 


2.102 The 30*mm square bar AB has a length L - 2.5 m; it is made of mild steel that 
is assumed to be elastoplastic with E - 200 GPa and a, = 345 MPa. A force P is 
applied to the bar and then removed to give it a permanent set S p . Determine the 
maximum value of the force P and the maximum amount 6 m by which the bar should 
be stretched if tho desired value of 6 p is (a) 3.5 mm, ( b ) 6.5 mm. 


A = (3c?)(3£>) a 9oo wm" * 7O0#JO"* 

S r = L £ y * _ M-SKW»io*1 , 

^ ^ A a. A # 




iVJ»e»o exceeds Sr ^ ;H?ws pi^oci a. p 

S+>e+c^ of Sp ; +k« *AA.# 1 »VN -Po/'C* i*S 


e'T'm.o. 


" e*f 


- A<S^ =■ (900 * 3/6.5* /C?KT - 3J0.5 kU 

S f r S' - §*- S r •*- S* » S P+ §r 


oip - 2>.S i»iw 
Sp - G.S Ki Vv\ 


* 9. % I2 & mm ■** 7-8 1 

S**, 9:3 i 35* * 10-31 »\w\ 




PROBLEM 2.103 





PROBLEM 2.104 






2.103 Rod AB is made of a mild steel that is assumed to be elastoplastic with £ = 29 
x 10 6 ksi and = 36 ksi. After the rod has been attached to a rigid lever CD, it is 

found that end C is f -in. too high. A vertical force Q is then applied at C until this 
point has moved to position C\ Determine the required magnitude of Q and the 
deflection S, if the lever is to snap back to a horizontal position after Q is removed. 


SOLUTION 


Since He Vod AS is 4© be s+t^e+okeJ 

He pe*k <v»He f'oA is P ~ 

Py a ' 2.97C k‘‘ps 

P-eJ-e/vM n ^ 4 ke He*. 1 ooeAy va , .■T CO 


TM* -- o 


33 Q. - « P = O 


q . ||p - k>ps 

L>*)JoaJinjj He spring \c ejr S i* 
c _ } e - JaiaSf - (&oX3£*l^) „ * 074 C ,, 

^6“ *-Ag^ _ £ " 2°( * - 0,0 | 


W'ovv^ -Hoc. J 

Sk* 6 -#* if* 





o. n 1 7 i 


2.103 Rod is made of a mild steel that is assumed to be elastoplastic with £ = 29 
x 10 6 ksi and ov = 36 ksi. After the rod has been attached to a rigid lever CD, it is 

found that end C is | -in. too high. A vertical force Q is then applied at C until this 
point has moved to position C\ Determine the required magnitude of Q and the 
deflection S l if the lever is to snap baek to a horizontal position after Q is removed. 


2.104 Solve Prob. 2. 103, assuming that the yield point of the mild steel used is 50 ksi. 
SOLUTION 

Since He As is 4o ke sH**toked 

pea.k force ** He rod is *P - fVj ‘‘'-Wh- 

p r =: A 6 ? * * 5 -sm u; r . 

to Pl>e "Pv^e e boAy *J ^ c/f J*e</e^CD 

ZM 0 = o 83Q-22P*o 

r\ — ^ p - ^ )(535~<?3 ) — o .o l 

Q. = 33 y "35 K>pS — 

DoirVn^ U*\$o He sp<^» \>ac\c d - 13 is 

So - La« £V - r (60 )(SO*t<$} - 0.103^1 in. 

S>8 g O* 

Fro** He otagp'swm 

SPo/>e e - - If* «• S* ^ f| S a ^ 6 . J 5&2 in «m 




1.2 m 


0.8 m 


PROBLEM 2.105 


45-mm diameter 


2.105 Rods AB and BC are made of a mild steel that is assumed to be elastoplastic 
with E - 200 GPa and <7 Y = 345 MPa. The rods are stretched until end has moved 
down 9 mm. Neglecting stress concentrations, determine (a) the maximum value of 
the force P, ( b ) the permanent set measured at points A and B after the force has been 
removed. 


SOLUTION 


• 35-mm diameter 


1 


A Aa * f (o.oisf* v- 

- sau93*/o*N * 332 kto 

m s'. 

, _ Zil.q&yic? / 0.2 + 1.3 \ 

® " aoo k{ o* > 9^.1 xio -6 1.^104 *io“ J / 


= 3.63 */o~ S 


2.C3 




A+ 


• OtA 


+ A Sp=S*-S‘- 9w-J.i3 m = C.37 




Af p©o f B * hfo lit 6C J ht*\c€ Sp * O 


1.2 m 


0.8 m 


PROBLEM 2.106 


. 45-mm diameter 


2.105 Rods AB and BC are made of a mild steel that is assumed to be elastoplastic 
with E = 200 GPa and (% = 345 MPa. The rods are stretched until end has moved 
down 9 mm. Neglecting stress concentrations, determine (a) the maximum value of 
the force P, ( b ) the permanent set measured at points A and B after the force has been 
removed. 

2.106 Solve Prob. 2.105, assuming that the yield point of the mild steel used is 250 
MPa. 


SOLUTION 


• 35-mm diameter 


A** f (o.ozsf= %?./v|o' c ^ A tc = Mo.cn tr) v = 

= A,* & = (^2.ly/o- c )CsSo^0 6 ) 

= 3H0.SZ*l<i‘ V * 2WI l<U 

w ■ Ste * Sfe * f (fe 

S ) 


5 . _ ZHO.S2«I0 1, ( 0. 

^ tootiO* V*?62. i 


% 

I X 10 


l.Z 


-& 


* i o" 


A+ 


pen 

p 


nf A 


— 1.^08 x /o'" m 

S*- S* * 9^- /.^os 


o»v+ B> ^ no y i »* fcCj Wa Sp =-0 



PROBLEM 2.107 



800 mm 


2.107 Each of the three 6-mm-diameter steel cables is made of an elastoplastic 
material for which o* = 345 MPa and E = 200 GPa. A force P is applied to the rigid 
bar ABC until the bar has moved downward a distance 6=2 mm. Knowing that the 
cables were initially taut, determine (a) the maximum value of P, (b) the maximum 
stress that occurs in cable AD, ( c ) the final displacement of the bar after the load is 
removed (Hint: In part c, cable BE is not taut.) 


SOLUTION 




800 , mm For eAcJn A = ^(a.004) 1 = 2S.Z7H* lo' 6, 

b ft SW* 

1 C - !& - SHS^/P* _ . „ ^ 

P - £ 200*10* ~ FlZSfio 

SWe "* -AO CFi £ ao = £« » £ = -j|^- w r |.wy /0 -* 

S+ r *>'*' caW, BE : B et ^ jS. , ^SS- = 5.5-0 y/o** 

Since £ Ao < Si* - * (ZfiO«lO*)(l.lLS , *io* ) = */** P* 

s** > ; = e; - 3 hs*io* p*. 

Forces* P At> = P CF = - (W.S7**JO" 4 )( atoxic*) * 7,0£&s*to 2 N 

Peer “ <A6ie = (2S.27't*lo~ c )(z t iSxiO*) = 7. “7 S^S^IO 2 fJ 

of W ABC ?m&+-Pb^+ - P - 0 

(ck) P - P/»d + i- Pep - (7.06&5~f *?. 7ff4S" + 7. ocas' ) */o 5 */ 

* 23. 9 Wo 3 r/ - *3.9 Ub) 

(b) S“ At> - ISO y-Co 6 ’ pet - 

AF-hes' u\nfo*Sltn^ P — O 

C>*Mle. QS \% noF Fccuf 'Pete 1 * ^ 

s P ao - Pcp 

F<^ ecfo,'^, P AD = “ O 

(C) FmctP tJisf>f&ce<*e>$ S is ^ by */"Ae ^inuJP 

of cftJn^es At) CF. S I^ce -fkese cables neue* 

p <>irw\c<.v\e*tjly dcFo^^ed) tUe f~l*a.P J's f><t <\£.e.i*ye«'b is 

- S U* * O 


S - Sao 



PROBLEM 2.108 



2.107 Each of the three 6-mm-diameter steel cables is made of an elastoplastic 
material for which a, = 345 MPa and E = 200 GPa. A force P is applied to the rigid 
bar ABC until the bar has moved downward a distance 6=2 mm. Knowing that the 
cables were initially taut, determine (a) the maximum value of P, ( b ) the maximum 
stress that occurs in cable AD, (c) the final displacement of the bar after the load is 
removed. (Hint: In part c, cable BE is not taut.) 


! 2. 108 Sol ve Prob. 2. 1 07, assuming that the cables are replaced by rods of the same 

800 mm cross-sectional area and material. Further assume that the rods are braced so that 

I they can carry compressive forces. 


SOLUTION 


♦p Fbv'eftcJ* ^oeJ A = f '(o.oocf = 

SW« J yieiJ * f \.nS*!d i 

Strain in v'oJs AD a.nJ CF: £*> - £cr - ^ r t ~ *-^ x/c> 


5 tram iv» ro<A BE -* £ Be ~ 1“ " gfo I, 


r -- l.ZSx/O 

\ 6 oo *+ "1 
Z~£o k/o' 3 



<$;. - e f „ 

f 8E > ff J 

d&e- ~ 

* P(1D - P<LF 

~ A 6ao - 


Pee- A G" ? (22.274*IO- C )(3HS«IO C ) <?. 75*5 * /O* A/ 

For bAom of t >ar A8C Pao + Pw 4 P.P “ P r O 

( a) P * Pao+ Pm * Rf = (ZOGSS** 9.74*5 + 7.04tf)wo*y - 23.7*17 

(fe'l 6 **> r 2 STO *fO* Pc, = *So HPa 

Lef S* “ i*»o dt's p^aee*^e*t during ur>Jotd* 

Pa ; , 1A §■ - ( s' - 3.53-+ -/o‘ s' = p CP 

p' r s « r r 7.06SS « lo‘ 

>6B l« mxio* 1 

vi fcpt u P =■ P* D + Pse 4 Per r I *4* 137 *lo S 
8„4 P-P f =o p 1 - P 23.S1*i0 3 N 


, _ 23. 8? x /o' 


I. £7o x /o" ►*> 


0 M.137 * (©* 

Per** pjVace^es't of b&r 

S^w " S^-S'-- - /.64 0 x«5 3 


O.SIo x lo m 


O. ZlO 



PROBLEM 2.109 


190 mm 



2.109 Rod AB consists of two cylindrical portions AC and BC, each with a cross- 
sectional area of 1750 mm 2 . Portion AC is made of a mild steel with E = 200 GPa and 
= 250 MPa, and portion 96 is made of a high-strength steel with E = 200 GPa and 
Oy = 345 MPa. A load P is applied at C as shown. Assuming both steels to be 
elastoplastic, determine (a) the maximum deflection of C if P is gradually increased 
from zero to 975 kN and then reduced back to zero, ( b ) the maximum stress in each 
portion of the rod, ( c ) the permanent deflection of C. 


SOLUTION 


190 mm 


cJf C •/"«» c.tu.os€ y o"f A^ 




f> t = A6r Yj A<,-(}i£oxio~*)C2So*io c ) 

= ms ?. r tJ 


r. £A Sc , _ (ZOO *10' X 175-0 *!^Xo^ZT£«IC? ) _ _ V37 S - v/ ^ N 
Lea 0*\°lo 


F* 

L 




F Of eejo* )\r',o** of Cvi C 

Rkc-C + Z7S*lO s N 


Since : cvDffJitJ 'p- 974" bJ > S74">c/O a 

p<v4"i ©t* AC 

F ca = Fac - P = 437,5x70' * t t7S*1o s h) -= -S27.S «l<? V 


(a.) 


% c , « c.2^/7 

C E A (*00*10* )(l7SD xfO**) 

s 0*217 mm 


(t ) fiayimJM 3+r<s5** ^ 6 V,a« ■ 2^ MP«. 
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Defied/®* -Ponces -Po/' 
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(o'* 


Lee 


* * FA 

P'* T7S x lo 3 = P A * - P c ' - 29* 


•• p *. r t ' - p ' 


AC 


p A l - w.sxid 3 y 


e ». LH87.Sxio i )(o.\' ! ia ) .» 

S p ■= S m - S' * 0.11 171 >lo' 3 - O.Zmfai* 1 = 0.0Z7l5-xio~\ 


~ (y.0271 fnm 




PROBLEM 2.110 


190 mm 


190 mm 



2.109 Rod AB consists of two cylindrical portions AC and BC, each with a cross- 
sectional area of 1750 mm 2 . Portion /l C is made of a mild steel with E = 200 GPa and 
Of = 250 MPa, and portion BC is made of a high-strength steel with E = 200 GPa and 
^ - 345 MPa. A load P is applied at C as shown. Assuming both steels to be 
elastoplastic, determine (a) the maximum deflection of C if P is gradually increased 
from zero to 975 kN and then reduced back to zero, ( b ) the maximum stress in each 
portion of the rod, (c) the permanent deflection of C. 

2.110 For the composite rod of Prob. 2. 1 09, if P is gradually increased from zero 
until the deflection of point C reaches a maximum value of 6 m = 0. 3 wn and then 
decreased back to zero, determine, (a) the maximum value of P, ( b ) the maximum 
stress in each portion of the rod, (c) the permanent deflection of C after the load is 
removed. 


SOLUTION 


t A.'f C “ CJ.So m/*i. The. 


- "5 — ~ * \.6l%9 *\0 3 

L*c InU 


S'VipAthS a/f iw»4i«-P y j ejpJl t 




- = 2SO*IO* _ 


200 x IO * 


■25 */0~ 


£tic 6 r ~ I. 72£V/o 


x i o*» 


( yieJUFn-j ) 

( eiotic. ) 


ta'i Forces - = A6V ” 0 7S"0 *IO mC )C*SVO « 437.5" */Cf 4 JV 

Rfi = £ASe* - ( 20 Gx/O T )() 7 .TO *tQ C )(r US 7 V\'*IO* )r SSZ.Q*fO* V 

R>* C‘Pe*»e**f C -Pro 

P" hk.- F c0 - 457.5“ *70\-552?.£v/0* = 990.1 y \o z M -- 990 kk) 

M St reuses: AC 6^ * eV jAc = 25D Mp* 

08 -3/6 HP*-* 

(cl Defi>«J- 1 on «n«t -FoiTcm 'Fuv' u^JoiAi 

c ( - Pc (-Ac _ Pc* Lea . O # — o o 

EA FA -lea - rfe ‘ 

P‘ r Pte-Pei r - *??». / x /O 3 /V .*. = M'ifi'or^/O 3 X) 


S' T (‘tlS’-QS'xtc?) Lo.no) _ -* 

5 G?OOK(0?)07^0X/0-) W O.TCS 7 H y to 




§"** — § “ - O . %£879 n\y » i ■* 0 . 03/ 



PROBLEM 2.111 


2.111 Two tempered-steel bars, each -jj-in. thick, are bonded to a \ -in. mild-steel 
bar. This composite bar is subjected as shown to a centric axial load of magnitude P. 
Both steels are elastoplastic with E = 29 x 1 0 6 psi and with yield strengths equal to 1 00 
ksi and 50 ksi, respectively, for the tempered and mild steel. The load P is gradually 
increased from zero until the deformation of the bar reaches a maximum value 6 m = 
O.oq in. and then decreased back to zero. Determine (a) the maximum value of p”(b) 
the maximum stress in the tempered-steel bars, (c) the permanent set after the load is 
removed. 


SOLUTION 


||PH| I F"oir +W s A, r ' c O'* 7 " 

I S - L 6 V. _ (I _ n , . 

fov* He sfee>? A z - 2 . )(% ) ~ »V* 

•= - ( flXlOOrlt ?) _ 0.048X76 'in 

E *io 3 

To-fa,? Q.sr£a. : A = A, f A t " 1.75" /v, 8 - 

Tke m.'JU sfee.i yteIJs . Tempers*/ sfee,/ ef+sfic. 
Ca) Forces P, - A, 6V, - O. OoXSox/c? ) - £ 0*10 3 iJ».. 

P 2 - r (a q ^jQ a Xo-75XO-04) _ g2 |iy y /t> * ^ 

L 14 


P - P, + P, = Ill.W V/O 3 A 


112. I kips 


Od) S*V tresses 


6^ “ r §V» T Soy)0 3 psO *■ & D ks i 


ts; = -B- = - zz.S&tlo 2, {*; s 8^.86 ksi 


M rt «• c' - P^- 0 12.14 . 

§ - — - C7 „ |o c ) 0 . 7 V 5 O- o 3074 

(O') s«+ Sp - S*-S' = 0.04 - 0.030*1 

- 0 . 0090 c in. 



PROBLEM 2.112 


2.11 1 Two tempered-steel bars, each £-in. thick, are bonded to a £ -in. mild-steel 


14 in. 



. rtlf , ’ ^ I»VVVI 

bar This composite bar is subjected as shown to a centric axial load of magnitude P 
Both steels are elastoplastic with E = 29 x 1 0 6 psi and with yield strengths equal to 1 00 
ksi and 50 ksi, respectively, for the tempered and mild steel. 


2.1 12 For the composite bar of Prob. 2.1 1 1, if P is gradually increased from zero to 
98 kips and then decreased back to zero, determine (a) the maximum deformation of 
the bar, ( b ) the maximum stress in the tempered-steel bars, (c) the permanent set after 
the load is removed. 


s iecP A, - (z)60 r i.oo 

Te^peveci s+ee,? A* - 2 (•% )(z ) r 0.7-5“ i**- 

To-M ? A = A, = I.7S- i** 

To\cJ foPce y'teM "He s 


&Yl ~ £ ** "Py - A Sy, - (1.7 )- 27, So x/0 2 -A. 


yitJtls. 

Leb 


P, = -force co. i by w\, 2»/ steel 
P 2 1 by 4-e.enpeseol sterf 


P, = A.C", = (.l.ooKSOrf/O 3 ) = SO *10* Jb. 

?, + 'P* - Pj P, = P-P, ' 98>^/o Z ~S0*I0 3 = 4-8 A 


(CU 

0.1 


<v . PA (48*lo 3 ) Qm) _ 

M EA* ~{QWio‘)(o.7S) ' °- 03oqo '»• 


g- - ft. . 48x/o 


0.75" 


- p; = ^ ksi 


Untyodl I 

(C.) S 


n 5 


S' 


_ PL r fafe*lo 3 ^ 


1.70 

S* - S* = O. 03 o<fo - O. Q2?o3 - 


= 0.02703 


i n 


O.OOZ27 itn. 




PROBLEM 2.113 



2.113 Bar AB has a cross-sectional area of 1200 mm 2 and is made of a steel that is 
assumed to be elastoplastic with E = 200 GPa and = 250 MPa. Knowing that the 
force F increases from 0 to 520 kN and then decreases to zero, determine (a) the 
permanent deflection of point C, (6) the residual stress in the bar. 


SOLUTION 


a = 120 mm 


A - I Zoo ^ /2oov/o’ 4 V*~ 


440 mm 


F<*ac« yitJJ po'-ft'a* AC * P Ac - 52 ( \20O *ld‘ C )0lS'O *IO*) 

p S Zoo * to 3 A/ 


Poia e ^ u i>r » h <rCo > 


F + P cft - Pa. - o 


- 


6;, - 


- Pa £ -F = SOOrflO^-^OX/o^ 

= - 22.0 x /o 3 M 

__ ^ 0y|0 »)fe. W o. 0 ,, to ) „ 0 „2?3333 no* „ 

t A (^ooy)O )0?oo x’jO“ 4 ) 

_Ra_ . MP_.xi'i s - -/gs. 333 X’/O^ ?«. 

A Uoo )f|0- k 


_ FLc 


Vy)fo£tA irx^ 

%' - ,Uc _ _ PeB Aca - (F " P A : Hce, 
c PA £A B A 

^ J. Lac \ _ F Lea 

Ua eJ ) ’ Ta~ 

Pj - - L S7o^)Ca.^o.o^o) = 37gJWy ^» w 

Lac +■ Lea 0.440 

Pea = PJ-F = 37S.IZ4.~10 3 -S 10*10* - * I4|. S/s x;o 3 KJ 

6^ = = -118. l«2x/o‘ TV 


“■ A I2oo x ( o-* ' ' "• 

S * = ^ 37g ' - o.IVloV *icT 3 k 

*• (XOOxfO’XlSooxioM 

(cO § ep = S t - § 0 ' - 0.2133 33><l<f S - O.IIWlxto' 3 « 0.\cMZ*io 3 *, 

- O. 

(b) (S^- F r - 6^ = 25&x/o‘- 3IS.ISZ *IO^ = -GS.Z-xlo^ 

= -65". 2 MPa. 

- S’es ' 5 -|33.8S3x(0 = +II8./82x/o‘ = - 657 2 x fO‘ 


- - 6S-.2. HP«. 



PROBLEM 2.114 



2.1 13 Bar AB has a cross-sectional area of 1200 mm 2 and is made of a steel that is 
assumed to be elastoplastic with E = 200 GPa and <7 Y = 250 MPa. Knowing that the 
force F increases from 0 to 520 kN and then decreases to zero, determine (a) the 
permanent deflection of point C, ( b ) the residual stress in the bar. 


2.114 Solve Prob. 2.1 13, assuming that a — 180 mm. 

SOLUTION 


A = IZoO * IZoa / \o~ u 


Poirce y iefJ p ortie* Ac • 'Pac. T ACf - () 7 oo *7 o 6> ) 

- 3 oo *io 3 w 


Pac 






Fo/ F 4- =- o 

Pc. a ~ Pac ' F - Sooxio 3 *- SZo yic? 


- - 2Zo * (O 3 A/ 


S c = - , 0..38333X/O- 1 * 
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C; # - ^-AC. _ Rfi £«« _ (F“ Pac) lc5 . O V ^-Ac. . LcS \ - F L 

& EA ~ E A EA " r<t U EA / 


eg 

EA 


p » _ F Lea * 

- 307.273K/0 M 


Pea * P^- F r 2>o7.273xio z - tto y lc? - - ZIZ. 7Z7 */O a Al 
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c / . (307-7?3x/d s Ko./So') , - 3 
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7T 
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Uoox 40 -e 
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Pc' 

A 

= 

- 2.12-727 if /O 1 _ 
Ui>ox/o’‘ 
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S« f 

* 
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• S c ' - O.M8333 

*/d 3 - 6 . 3 30 VST */©" 3 

- 0.00781 

3 y/o " 4 








= 0. 00738 



(V>^ 



- €Jc' - 2So*!0‘ 

~ 2SG.06I *10* - - 

6.06 //0 6 Pa 









- - 6.06 M 

PQ. 

-* 




- 6 ca 1 

y/d>‘ + /77,273 x7tf‘ 

- - 6.06 X 

/o c P* 



= - €.04 MPtft- 



PROBLEM 2. 1 15 2.1 1 1 Two tempered-steel bars, each -in. thick, are bonded to a j -in. mild-steel 

bar. This composite bar is subjected as shown to a centric axial load of magnitude P. 
* p . Both steels are elastoplastic with E = 29 x 1 0 6 psi and with yield strengths equal to 1 00 

J ksi and 50 ksi, respectively, for the tempered and mild steel. 

*2.115 For the composite bar of Prob. 2.1 1 1, determine the residual stresses in the 
A iD . tempered-steel bars if P is gradually increased from zero to 98 kips and then decreased 

k in - back to zero. 


SOLUTION 

piPR ' Wi-M A| ~ OiKO “ 1*00 

I Temnpef-cd A* * C?X&Xz) = 0, 757* x 

*• A - A, A a - \.is ;**• 

"To*! m a.J -fot^ yicfd "hlte iJt sit ej 

SV, = Py - AS'n - 0.7sXi'Ox|C?) = Jk 

P > P/ * *f taz-eJ-a/"* ^/VAI-S 

P, r c^/V'e<i by si&zJ 

P*. ”* CA f'f'i ty 

P» r A, 6V, ? (1*00 *10*) * ,5& XfO* A. 

P, + Fj. ■ P , P 2 - P-R - - rox/o S = 48*yo S A 

f? = f*. - 48 x| 0 3 _ r^^/Q S r* 

^ AT ’ ^7^ ' P 


3 . _ 


HSx/Q' 
0. 75- 


Ut* jfiyA-of .n. 


s ' ' T ' «'«* 


u*y***i.r^ O = — ~ j ? j. - = SG^lO p*,- 

Qe,$iduc<.J* stresses 

sfeej* - <SJ - G - ' •= XJO 3 -5£*/o a = -£ x/o“ S p,' 

= - £ k^»' 

fe^peAed s4-ce^ ^ - 6\- «* 64 */o s - £“4*/cA 

J 

- s = g i^ s ; 



PROBLEM 2.116 


Win. 



2.111 Two tempered-steel bars, each -fg- -in. thick, are bonded to a y -in. mild-steel 
bar. This composite bar is subjected as shown to a centric axial load of magnitude P. 
Both steels are elastoplaslic with E = 29 x 1 0 6 psi and with yield strengths equal to 1 00 
ksi and 50 ksi, respectively, for the tempered and mild steel. 


*2.116 For the composite bar in Prob. 2.1 1 1, determine the residual stresses in the 
tempered-steel bars if P is gradually increased from zero until the deformation of the 
bar reaches a maximum value S m = 0.0 H in. and is then decreased back to zero. 


SOLUTION 

Fov' He steeP A, - (2 )C ^ ~ 1*00 


e . LSy, _ (wKsoxlo' 3 ) 

& Yl {— ~ 7 a N/ l ,-%C 


Z^ y\o* 


O.OZ41 38 in 


for 'feMperecI stee^ A* = ^ ' 0.7$ 


ra - 


_ L 6 ya _ Q^H/oo* (O 8 ) _ 


^ io c 


0. 0Hg*7£ m. 



To+ai> 

area. • 

A -- A, + A, = 1 . 

75' /n** 


< Sri 

7~Ae /v 

u'JPd steefl yields - 1 e^pered steeJl is elastic 

F oY'ces 

P, " 

A.^rt ’ 

^(Uo^ox/o 3 ) r 5£>* 

/o' Jk 


P a - 

E faiSws 

_ (Zixio^Yo.isYo.oh) . 

= G?. ify/o 3 A 



L 

If 

Stresses 


- S . 

' A, ■ 

6Vi ~ So x io 1 



6, ’ 

. ft. - 
' A, 

GZ.IH xl o 3 _ 

0 . 1 s 

t 

fOS « 

L )\r\j)oa.d 1 



- . 11 ?. iv , en.os 

1*7 5* 

. s 

>^0 ^3f 

f?es« \jioe^H 

stresses 



res 

- e, 

- 6" - 

<£h 9 x /o* - £>H. OS x/o 3 - 

- N.ogxio 1, pi; 




— 

- If . 08 kV 

^2j KS 

- <s; 

- (S'' - 

GtOBx/o 3 - 

18.78 y /c> 3 p-s <■ 




— 

IS. 78 ks« 


l.; 



PROBLEM 2.117 



2.117 A uniform steel rod of cross-sectional area A is attached to rigid supports and 
is unstressed at a temperature of 8°C. The steel is assumed to be elastoplastic with a, 
- 250 MPa and G = 200 GPa. Knowing that a— 1 1.7 x lO’V’C, determine the stress 
in the bar (a) when the temperature is raised to 165°C, (6) after the temperature has 
returned to 8°C. 


SOLUTION 


De+ei 


f 




cJto A* a 








Cause 


y 


ie.PJt im< 


S = - * L'oi(AT) = - + Loi(AT)y » o 

(at), -- Ji- - 

cot 


JCT*) 

AT - 164“ - g - J4“7 0 <2 


06,g3* ° C 


0a> YV« 


i occurs - 


6" - ~6V - - 3SZ> HPoo 


CooJtiru^ CAT) 7 = /S*7 °C 


s' - §;+§;=- + loc{aty , 


o 


- _ P'L 

6-' =■ = - Ed (AT)' 

A 

- -(^oWO’)( Jl.7y/0' t )( - 367. 38 */o c p« 

£b) SVtk r ~ ^ -<S' " - aSDyfO* 4 367.3 £x)O c - 1 1 7. 35 * /O 6 Pa 

- f/7.4 MPa. 




PROBLEM 2.118 



2.118 A narrow bar of aluminum is bonded to the side of a thick steel plate as 
shown. Initially, at F, = 20°C, all stresses are zero. Knowing that the temperature 
will be slowly raised to F 2 and then reduced to F„ determine (a) the highest 
temperature F 2 that does not result in residual stresses, ( b ) the temperature F 2 that 
will result in a residual stress in the aluminum equal to 100 MPa. Assume a , « 23.6 
x 10*V°C for the aluminum and a 3 = 1 1.7 * 10' 6 /°C for the steel. Further assume that 
the aluminum is elastoplastic, with E = 70 GPa and Oy = 100 MPa. (Hint: Neglect 
the small stresses in the plate.) 


SOLUTION 


cause yieJ/dliYH^ 

S - + LotJAT) r = Loi s CAT) r 

- 6T - - E (pta. - ot s ) (AT)y - - 

(K-T<\ = - - gk - lo ° = no 04 ° c 

Y ' (“70 */0*X*3j6-U.1Mo 4 ) 


(cl) ~Tx.y - ~l~ t + (A I )y “ + 120+6*1 ~ C 

A'f+ev' yitfJ 



\ 

! V, 



no 


PROBLEM 2.119 

A = 0.70 in 2 A =1.0 in 2 



2.119 The steel rod ABC is attached to rigid supports and is unstressed at a 
temperature of 38 °F. The steel is assumed elastoplastic, with ~ 36 ksi and E = 29 
x !0 6 psi. The temperature of both portions of the rod is then raised to 250 °F. 
Knowing that a = 6.5 x 10'V°F, determine (a) the stress in portion AC, (b) the 
deflection of point C. 


SOLUTION 




S+V'cuVO 



D e.icf' AT cause yi eJj AC. 

- + L Ab Ct (AT) = O 

E A AC. E Aca 


La8 E cC. 


(AT) ■= — - I — 4- ^ 

j L A 6 EoC.I Aca > 

A+ "P “ Aac^/ 

(at) = fU + U\ r (0.7 oY3^/q s ) 

y UoE oc V 7 w / (a 1 * JO‘ ) (G.S *70“ * )Vo.7o 1.0 ) 


= |5'a.78i‘°F 


AT “ ZSO - 38 = 21 rF > (AT) j, oco 

~ ~ 2C ^ s ' 

P = 6VA*. - (36x/o 3 Xo.7o) * JS.Z*10 3 A 




. l c8 tf(Ar) 

E Acs 




0.0/2175 - 0.0/92*72. 


= -0.00 71/0 .V, 


§ = 0.001 IZU 



PROBLEM 2.120 


A = 0.70 in 2 A =1.0 in 2 


I A C 


2.119 The steel rod ABC is attached to rigid supports and is unstressed at a 
temperature of 38 °F. The steel is assumed elastoplastic, with - 36 ksi and E = 29 
x 10 6 psi. The temperature of both portions of the rod is then raised to 250 °F. 
Knowing that a = 6.5 * 10' 6 /°F, determine (a) the stress in portion AC, ( b ) the 
deflection of point C. 

*2.120 Solve Prob. 2.1 19, assuming that the temperature of the rod is raised to 250 
°F and then returned to 38 °F. 


SOLUTION 


Sq/A ' ^8/A^p * S 6/A>T O 


(c o^a.4^ <V> 


Z\"T 4® y ieJ?c\\vy<^ m AC . 

- E L Ac _ Eip + l At ol(A T) ~ O 

Er A At. ^ Acg 

AT - £ / + u*\ E , (2- t JS-) 

a ' LabEoL V Aac Ac*J'~ (MyMtIO 6 )(£.<? Xto-*) \D.70 1.0 / 

- 6..0«Tx/cr* p A+ y.‘«AU« P, * 6; = c 3Zxlo 3 )(on)r zs.lxlo'jk 

•J 

[AT\ t (g .osw X zc s 2 * /O s ) = ISZ. 78 T ° F 

HcW AT = 2-TO - 33 = 212 “F > (At) y -- y-ei=l,« 3 occurs. 

6^ - - <SV = -36X/0 3 p, 




- O.OI2I76 - 0.019*9* - -0.007/16 


Coo Jfc 


‘"3 
P' = 


F ^ gT ~0C2T>qo^ 6.062.9 > 

6 . 0629 x/ 0“ 3 6 . 062 *? V'/CT 3 ~ A. 


m 

xi o 


(a.) Res»'*ta*J s4v«s 5- in AC 


+ a£ s 4 


J 3196?* IQ' 
o.i 


13.9S */o 4 psr 

13.95- Jtti 


s; a -Sii 4 u*wt^ 

=. - (,-n6^*io- c )fa>;0 

(29*/oOO«cO 

- - O.OIC38I + O.OI929Z - 0.002411 •’* 

$ c « S c + Sc r -o.oomc + 0 . 002*111 - - 0.00471 m 

0.0047/ m 





2.121 The rigid bar ABC is supported by two links, AD and BE, of uniform 37.5*6- 
mm rectangular cross section and made of a mild steel that is assumed to be 
elastoplastic with E = 200 GPa and <7 Y = 250 MPa. The magnitude of the force 
applied at B is gradually increased from zero to 260 kN. Knowing that a = 0.640 
determine (a) the value of the normal stress in each link, (6) the maximum deflection 
of point B. 


SOLUTION 

Slaves ’ 2fM«. » © 0.64 o(Q- fee)" 2.64 n* * o 
D tfornah'o* * S A n 9 9 $6 * = 0.640 B 

t: J?cts4i*c /\ s/s r 

A = C37.S )(£ ) = 22S^ = ZZS’xtd^ 

? Ao =r fA S, - 2, 

- U(,.H7xio 6 )(l.£4 &) = & 

SA, r £fiS. r 310.6 X Jo 1 6 


P gE „ o ^) 5b = §( 


ee " ~7 — o'o - o, 8 

- (VSxlO 6 )(o.6HO 0) - 28.80 *K>* B 


^ - .2* -- U8 «/o» © 

A 


Fro»v» Sfajv 


CS 


Q“ P, 


2.6V 


- + P « 


= P„ + 9. as Ru, 

- [sg. to x/o‘ + (‘i.IXsXs^. 8Sv/o‘)]© = 3/7.06 x/o*- 0 
9 r «4 ol i'alf AO er* 0 - <SV* 2So */o‘ -- 310.6 y/o'* e 


0 y - £04.89 y/o 


-6 


Q. r - ( 317.06 *to h )(%o9. %9 »lo' i ) - ZSS.axio* M 

Since Q. - 7.60 y/o 3 > Q,. J JV. k AD yi Ms. Em d = 2fO MPa. 

•p Ao s A 6Ty = (77S»/o'‘K7Soy/o'‘) - S&. IS * 1C? 

ShJtics P B6 = Q- 4.125- P* 0 =■ 26© y/c? -W .U<r)(5C.2S* lo 3 ) 

P e6 - 27. 97 y/O 3 W 


6^’ T 1 - r ' w - 3> ' / ^ 

A Mp*. 


C - (77.^7 y|o 3S l(/.o) &U .S3 */©'* Ye, 

EA ( 2 oo xu?"')(n5xlo- ,> ) = o. 


622 






PROBLEM 2.122 2121 The n S ld bar ABC is supported by two links, AD and BE, of uniform 37 5x6. 

mm rectangular cross section and made of a mild steel that is assumed to be 
elastoplastic with E = 200 GPa and a, = 250 MPa. The magnitude of the force O 

IW; applied at B is gradually increased from zero to 260 kN. Knowing that a = 0 640 m 

determine (a) the value of the normal stress in each link, ( b ) the maximum deflection 
f. of point B. 

ri s m" that a = 176 m and that the magnitude of the 

E If force Q applied at B is gradually increased from zero to 135 kN. 


SOLUTION 

■* 2.64 m 

AP A n i„ S+aktf: ZMc = ° = o 

T I'r&e ACy 

J— 1 L * $ A ~ 2.^ B - /. 70 Q 

T& Etash'c AhdJlyStS 

^ A = (37. S )(0 = ^ cr ZZSxiQ-* yS 

g. ■ Sa 

= ( ZC.HJxlO* = £?.8S x/ 0 ‘ © 

6i„ = - 3/0. 6 * /o’ e 

r » E L ee 5,5 L© §8 = - (4^x)0 4 )0. 7& ei 

- 7<?.2*|O t o S- ee = Jgs - 3SZ«lo'e 

Frov * ^ies Q. - P a£ + P*. = p 8e + ».so^P A8 

= [73.8xio‘ HlUSOo X<it.S»x^ 4 )]© = 178 ,CZ//<? c 0 

Q y y/eJU;„ 3 of Jf;»k 8(? < 3 ee = <SV - 25o *7o t = Zs2* 10 ' e r 
Qy = 710. 23" x/o' 6 

Qy = ( 1 78. 62.x |o‘ X710.23 x/o"‘ ) = U6.?6v/o 3 N 

Since a * 135" * lo’w > Q r/ j?ixk BE yie/Js 6^ = , 6* r r 250 HP«. — • 

■Pbe = A e; - (zzs*io' t )(2fo */<? { ) = s&.zs xio J /v 

Frow, SMies P*„ • ^3 (Q - Pg £ ') = 52.5 */o* M 

^*0 r r ^77^- 1 Z33.3xto £ , 233 MPa — 


eJ?<L«^»c Si's s'? AD 


9 r sfe * 7 S!.7V»to-*r*J 


§0 “ 1.76 © - /. 322 K/o‘ 


/.322 



2.121 The rigid bar ABC is supported by two links, AD and BE , of uniform 37.5*6- 
mm rectangular cross section and made of a mild steel that iis assumed to be 
elastoplastic with E = 200 GPa and r? Y = 250 MPa. The magnitude of the force Q 
applied at B is gradually increased from zero to 260 kN. Knowing that a = 0.640 m, 
determine (n) the value of the normal stress in each link, ( b ) the max i mum deflection 
of point B. £.'**2 

*2.123 Solve Prob. 2.121, assuming that the magnitude of the force Q applied at .5 is 
gradually increased from zero to 260 kN and then decreased back to zero. Knowing 
that a = 0.640 m, determine (a) the residual stress in each link, ( b ) the final deflection 
of point B the residual stress in each link. Assume that the links are braced so that 
they can carry compressive forces without buckling. 


SOLUTION 

SoAt-hzx* 4o PRofclEM 2. 12 I -Po/ j4 ie s4vei>se.s \v\ 

0,^*4 44ie ole'PyPec-'K * <>* o4 p©/v t*f 3 

6“ Ab ^ 2SO *io‘ P A & Se - UV.3 y/O 6 Pc 

o' g. ~ G . -5 2> */o W) 

«J!xs4tc a^cjys>s oioe* i*o pie soJL»4«‘o*\ 4© PROBLEM 2.121 
4© plxe o* 

Cl - sn.o&yio^ o' 

/V - & 2GO WO 3 

3 17. 06 *7o c ~ 3I7.06V/0* 


Go' 

3)0.6 x /O^ © - 

(3/£>.6x/o 1 ’)('8^o.o2x/o*‘) * 

25U 70*10* 

fix 

§8* = 

I2S x/© 1 0 = 

(U2.x/D , )(2a.o.OSx/o" t ') = 

lCW.7£y /O* 

fix 

S* * 

O.£4o 0' = 

£34.82 x/G c w 




= SZo.osy /o~ c 



(a.) 

Re's i'd s4**tsses 




r ^Ao ~ ^AO ~ 

ZSo x /O 4 - 234.7© x/o' 4 = 

- 4-70 x/D c fix 
- 4.70 MPe^ 



124.3 x/o e - 1 04. 46 x/o* = 

1 7.34 y/O 6 fit 
17.37 MP«x 

(V>) 

P - §a - S e - 

62I.-S3 xio'^- 334.8? x(0" 
46. 7) Xi©- 11 ^ 

• 6 

O. 0767 ►vvwi 



O-luj o-|< 





PROBLEM 2.125 



2.125 A 250-mm-long aluminum tube ( E = 70 GPa) of 36-mm outer diameter and 28- 
mm inner diameter may be closed at both ends by means of single-threaded screw-on 
covers of 1 .5-mm pitch, With one cover screwed on tight, a solid brass rod ( E = 105 
GPa) of 25-mm diameter is placed inside the tube and the second cover is screwed on. 
Since the rod is slightly longer than the tube, it is observed that the cover must be 
forced against the rod by rotating it one-quarter of a turn before it can be tightly 
closed. Determine (a) the average normal stress in the tube and in the rod, ( b ) the 
deformations of the tube and of the rod. 


SOLUTION 


A* Le = - 4o2.i2.**^ * 

^ (XSV* - WO. 17 ^ - 49o_87*/ o“* w? 




_ V (p.zso} 


E**«A+u* (JoxIO'XhoZ.M x/o' 6 ) 


= S.SSISXto-'' V 


S j — — £ A — F* ^ s—.ll i)C y lo~ ^ 

° E*uA*-/ (/oS*f0 4 )(49o.87>r|o‘ 4 ’) 


* _ X 


4 +v^n x ).«E mm - 0.375" - 37nT 'x l O 


= s*+ 


- = s* 


8.8&ISxIcP f + ‘i.SSOS’Hlo'* p - "37r */ 0 ‘ 


0-5 7j~ y / Q~~* 

Lz.MiS'*- H-arerXio^) 


l7.3o$*lo M 


*' Si*’ -Ai' ' l^7 ■ , - K '‘ P * ‘ £7 - 1 MP “ 

s-. -fc, - - - •«■-«(»• p*- • -«« hp. 

Ct'* 5 fut( , = (8.8815' .Sx[0~‘* * 0.2*1^ 

- -(‘*.SSQSxlo~ c ')(i7.lO&rtCf l }--\Zl.S*lo‘' r *--0.\3?S 




PROBLEM 2.126 



250 mm 


SOLUTION 


2.125 A 250-mm-long aluminum tube (E = 70 GPa) of 36-rnrn outer diameter and 28- 
mm inner diameter may be closed at both ends by means of single-threaded screw-on 
covers of 1 .5-mm pitch. With one cover screwed on tight, a solid brass rod (E = 105 
GPa) of 25-mm diameter is placed inside the tube and the second cover is screwed on. 
Since the rod is slightly longer than the tube, it is observed that the cover must be 
forced against the rod by rotating it one-quarter of a turn before it can be tightly 
closed. Determine (a) the average normal stress in the tube and in the rod (b) the 

deformations of the tube and of the rod. 

2.126 In Prob. 2.125, determine the average normal stress in the tube and the rod 
assuming that the temperature was 1 5 ° C when the nuts were snugly fitted and that the 
finaltemperature is 55° C. (For aluminum, a = 23.6 x 10 6 /°C; for brass, a = 20.9 x 

i yj / v*. ) 


A M, e " ^ C^o ~ = (3G 1 - ~ - Ho%. IX x/o~ c 

9 $ (’ZS'f - 4^0.37*^ - 440-3 ?WO' 4 ^ 

AT - 5S - 15 % 4o «c 


= ittZS L ^ (AT) =■ + Co.7So)(ZZ.6,lo e )(^) 

- S. 8S/S* ✓ /o" 7 V 4- 236v/o” € 

1 + + wo“ )M 

- 4 Z&fv'lO'* 

* /.S' r 0.375 »>« = 37S*IO* hn 
^4v*»e ~ Sfw/ + S* 

2' Ssrr *^0'* p + 326 y/cT fc = - HACoSkI&'P 4 y/cf 6 + 375 * 10 '* 



1^.733*10“* P - 3*f*8xfo’ C 


- JL c 3SV343 »7Q 3 

Am,. UylO' 4 


P - 25, 3<*2 X /o* W 


G3.o x/O c fa = 63.0 MP^ 


“ 440.37 */cr* ~ «5"/. 6/|<) P^t ~ -51.6 M Pcc 



co|m 


PROBLEM 2.127 

y\ 



2,127 J he block shown is made of a magnesium alloy for which E = 6.5 x lo 6 nsi and 
v - 0.35. Knowing that a x = -20 ksi, determine (a) the magnitude of n for which the 

bl0Ck Wtll . be Ze T ’ (b) 1116 CO ' rrespondin 8 chan ge in the area 
ot the face ABCD, (c) the corresponding change in the volume of the block. 


SOLUTION 


Sy “ O 


- O 


-/ B ■p c s • *■ 


o 


6*y - vCT* = Co.SS'Y-Xox/o 3 ) 


** = - 7 ksi 


(U 


£- z = L(- V gr jt _^K-'br _ idC^ + g>_) 

CT ' ^ si 

e.. 

= - 2.7 */o' 3 

A.+ * L*( l+ £ y U z ( I + £,') = + 

£A/f A„ - Z. x Lj 
A A •= Lx U (?* + 8* + 8*0 

- 0+.O y I.O)( 2.7 x/o" 3 -t- Stn<a 


~ x/6>" 3 = - o.oo ms : n l 


(c) Si 


•sa-c 


l S ConS 




AV a A^ (AA (i.27r)(- Warto'*) t -e.8 5^/cf 3 ; M 3 

= -o.ooesr m 3 



PROBLEM 2.128 


2.128 The uniform rods AB and BC are made of steel and are loaded as shown. 
Knowing that E = 29 x 10 6 psi, determine the magnitude and direction of the 
deflection of point B when 6=22 °. 


jtr H / a ’****•»* 

or F Area = 0.8 in 2 
^ K| P S I 25 in. 

ilr^-Area = 1.2 in 2 i 


0.000 73 


o.oHHIC 



SOLUTION 


P 6t * ? MS 6 - ( 7£*l<f ) Cos. XV = 23.12, >IC? JL. 

* - fkLjtc _ „ , rrr . 

Pa& = P*-'* & r ( ZSxtO^ ) SM - •=?. 365-x/c? A 

c P.B.Ua C %S6£xl£)(gS) 

^ AS ~ E A» ' " °- OOS13 


, O.oo£>73 _ 

$ -J Q.. Smc *+ 0.00673 *“ - 0.0455' in 4 


PROBLEM 2.129 


Area = 0.8 in 2 
''''-Area = 1.2 in 2 


417.04 £ 



2.129 Knowing that E = 29 * 10 6 psi, determine (a) the value of #for which the 
deflection of point B is down and to the left along a line forming an angle of 36° with 
the horizontal, ( b ) the corresponding magnitude of the deflection of B. 


SOLUTION 


- S cos 36 0 

p - E A &L Ssc _ ( 2*1 X LO &y )(o.%) % cos 36* 
6c Uc S5 

- 417-04 x-/c> 3 S 


^ sin 36* 


Pa. - 


FA*. Sa c. _ (yiyioOCj.OS s«V)36 { 


= 31 2.20 xio* 1 s 

c? - 777r-— — rr-^- - 


(9 = 63.0 


F- 25*10^ -Ah17-04*Io 3 S') 2 - + {#\l.2o no' 1 S V C ’ = 7/S.33x/0 S 


C - AO ** 1 


= 0.0212 m- 



PROBLEM 2.130 


.f* 



n 4-t 

D eJvf €eJt i a w 


2.130 The uniform wire ABC, of unstretched length 21, is attached to the supports 
shown and a vertical load P is applied at the midpoint B. Denoting by A the cross- 
sectional area of the wire and by E the modulus of elasticity, show that, for S« l, the 
deflection at the midpoint B is 


SOLUTION 


LlS€ 


St'/\ © X, A-em & & -y- 




£ Fy * O 


Fas ~ 

* ® i n © 


?P A8 sin © - p = O 

PI 




Pi" 



From +ke 
U* §AB^ * 

^s* 8 +■ 

- 2XS« (l 4 * 2i> S, 


ASS 

- P^ 3 

Aff 


•• S« JL 



PROBLEM 2.131 


2.131 The steel bars BE and AD each have a 6xl8-mm cross section. Knowing that 
E = 200 GPa, determine the deflections of points A, B, and C of the rigid bar ABC. 



1 — ► j- 

SOLUTION 


n 300 mm 

mCme^ 75 mm 

Ose y'C^id bar 

A 8C boat^ 

j-*-400 mm>| 

±5 H M a = o 

(7S)P M> ~(3oo)(z.z) 


Pad ” 

12.8 kv 

3.2. kN 


~ P*t + 3.x -. P <B = © 


p^ 

= \& kW 



O/'wn i 01/1 S 

A-(CXl8)* 1= 108 

C - c - Hb Lad _ 0 l.'SxlO 2 Y Hop* IQ-*) 

A EA “ Uc>o«io''Xlo2*io-*) 

- 2 2,1. OH x f o" c »v, r 

£ ^ r (<g xlo'*) 

EA C^°o WO^XlOS x/o' CS ) 

- = 0.^6*.*-** 


Q =r §a + Sg _ (g37,.0^,+ 3«=?6.34> )flQ-*) 

75 *7o~ 3 

=• 1,1112 *lo'* 

Sc - S© + |_bc © 

- 296 . So * /o“% (3£© x /o -3 X 7 * I M X * I cf 3 


= Z.HV^l y lo »v> = 2.43** 



PROBLEM 2.132 


- 400 mm-*-U 400 mm- 


3.2. VVJ 


2.131 The steel bars BE and AD each have a 6x 1 8-mm cross section. Knowing that 
E - 200 GPa, determine the deflections of points A, B y and C of the rigid bar ABC. 

r In . P n r 6 0 o ' 2131,the 3,2 “ kN force caused P° int c to deflect to the right. Using a 

I 1 1.7 x io / C, determine the ( a ) the overall change in temperature that causes point 

3< j m and > ^ etUm t0 itS originai P ositi ° n > (b) the corresponding total deflection of points A 

75 m m 

SOLUTION 

Use. ABC tfLS a. -fVee Wody 

V TrA*- o ns P A0 - ( 200 Y 3 . xl = o 



=-o 

t- e _ e _ b 

Sa - »AB " . 


Pad - 15.2 kM 
-P&£- + 3.2. + P Ao = o 
P 8e = trW 

+ L A M(LT) 


Sa - 


■ 


* - +(.4oo »iv )(n.n*i6 c )(AT) 

P Ao = 237. 0*f v” /o" 6 4 4.63»</0‘ 6 Ur) 

-S e - S„» fd-+ L t£ o/(Ar) 

(iG*/o 3 ’K*<oo*/c> a ) . /n ._ ..-sv,,. ,+ v,., 

- ( 200 xIO^XlO&x/O'* ) +e *°°’" 0 Xl '- 7y '° W 

-® = v/o"° + 4.C8*lcr‘ , (AT) 

S^o S 6 =<?.3oo0 * 0.37S - © 

_ C. - e _ , o r O 

3 A ' 0.3*0 <5 » ' /-X* Sa 

- ( 237.04 *lo"‘+ 4.68 vid‘ C (Ar') - .30 w*d‘ + 4.6-S »Ig\AT)] 

-1 0.52*10'* (at) - OdAlS «ld c t\T-~S7.i3H C 

= -5" 7. 7 °C — 

237.04v/O* c ~(4.48^o' c )(-S7.C8? ) * -32.m*tO~‘ * 

S A = 0.0354*..* — • 

274 .3o */<?■* - (4. £8y/o"‘V'57.«4; - + 2£.34x (o' 4 *, 



PROBLEM 2.133 


SOLUTION 


Af £jl/efs ) IT ” ^ kvifo cJ- IS 
t) = M?. Svnw ^ * 4^ r 1-5* 

£- = i r 0.12 Rov. Fij 2.f«f £> K = 2.10 

Ai^ w - C7^ X \Z \ - 900 mm*" - 900 rn^ = <?00 X/O^ 

~1/B^ _-cr . O - ( c /0o>^JO' t )(H5'x/0 6 ] 

Om« - l\r i r ^ " U4> - — ^ - 577 ^ 


2.133 A hole is to be drilled in the plate at A. The diameters of the bits available to 
drill the hole range from 3' to 27 mra inO-mm increments, (a) Determine the diameter 
d of the largest bit that can be used if the allowable load at the hole is not to exceed 
that at the fillets. ( b ) If the allowable stress in the plate is 145 MPa, what is the 
corresponding allowable load P? 

d 12 mm 

las mm jk'/'t 9 - 


cU IS 


/' r f= 9 mm 
75 mm 


-C. -i- 

1 W1 



- CL**to s w - 62 ./ kM 

A+ 4*ke looJe • A h «* “ (D - 2.P ) ~ •£, 

w h X) " n 2 . S 'C - ^CkAiOS of 


w h X) " 112. S’ = 'fft.tflcJS of oi*' We "t, - 12 » 

fC is cl 

- K £ r = •• R. * 

UoJBt J'-.J r oUD-2r| r/et K 

9 4.5" * M lOS.S’"-* o.o^SS 2.87 GZ.mo* N 

IS KM - 7 .s-„ m 97.5*.~> 0.011 2.1S I nor to SI. 7 W<5 3 N 

^1 IM, I0.5— 0.115 2.C7 HmWoV 1 57.&K/C?N 

27^v. 13.5'**' ?5.5 ~~ 0.158 2.57 1 02S*ld‘v*'' S7 .i*io‘N 

t«.rjes4 koje vi.'Vli > £2. kU is "Hit I •*•* 'P*" !>'>**■, 

AW We f-O-TcA ?^/ “ & 2. ItW 



PROBLEM 2.134 


2.134 (a) For P = 58 kN and d- 12 mm, determine the maximum stress in the plate 
shown. (6) Solve part a, assuming that the hole at A is not drilled. 


SOLUTION 

5+ ITP5S ciV 1 f\»Je 

D-SC £*4 O'f K 



ci 


- O.OS17; 


z.eo 


A*»+ = Oa'iOii.S'- u'i =• I Zee i;?c>6 x/o“ c 

J 


’ K’f. r " ,34 -7>"0 4 P^ 


fA<xy\*** t>** 3"f" V'CS S 0uf f'JMs 
Ose R'^. .2.64 b 

* = o. u 4 

or 45 > d IS > 

A„;„ - (12 V?*’ - ) - ?oo w *, 1 = *>&oylo'‘ ^ 


K - 2. lo 




>r 3 * lO^J . — - i o c -2 ytn c P £ 

K A*;. Joo*io-* ' 1 3S ' 3 * /0 F ‘ 


(fii) 

Wibii ftnJ £tJsPe~ts 

- 134.7 

MPc 

-* 

Cb) 

iVl -PbotVf 

6^* - I 35. 5 

Mp^ 

-a 






r 


L. 



n 





2.C1 A rod consisting of n elements, each of which is homogeneous and 
of uniform cross section, is subjected to the loading shown. The length of el- 
ement / is denoted by L n its cross-sectional area by A h its modulus of elastic- 
ity by E,. and the load applied to its right end by P„ the magnitude P, of this 
load being assumed to be positive if P, is directed to the right and negative oth- 
erwise. (a) Write a computer program that can be used to determine the aver- 
age normal stress in each element, the deformation of each element, and the 
total deformation of the rod. ( b ) Use this program to solve Probs. 2.17 and 
2.18. 

SOLUTION 

FOR EACH ELEMENT ) 

Li j Aj , E< 

COMPUTE DEFOPMAT IOD 

UPPfiTZ AXIAL LOAb P = P+P t ' 

COMPUTE FOP EACH ELEMENT 

c n « p/A t 

S- t = PLi/hiEi 

TOTAL OE FORM AT TO N : 

UPPf\TE THROUGH n ELEMENTS 

S'- 

PROGRAM output 

Problem 2.17 

Element Stress (MPa) Deformation (mm) 

1 19.0986 .1091 

2 -12.7324 -.0909 

Total Deformation = .0182 mm 

Problem 2.18 

Element Stress (MPa) Deformation (mm) 

1 98.2438 2.3391 

2 98.2438 1.4737 

3 147.3657 1.4737 

Total Deformation = 5.2865 mm 



PROBLEM 2.C2 



2.C2 Rod AB is horizontal with both ends fixed; it consists of n ele- 
ments. each of which is homogeneous and of uniform cross section, and is sub- 
jected to the loading shown. The length of element / is denoted by L t , its cross- 
sectional area by A,, its modulus of elasticity by and the load applied to its 
right end by P*. the magnitude P, of this load being assumed to be positive if 
Pi is directed to the right and negative otherwise. (Note that P, = 0.) (a) Write 
a computer program that can be used to determine the reactions at A and B, 
the average normal stress in each element, and the deformation of each ele- 
ment. (/?) Use this program to solve Prob. 2,41. 

SOLUTION 


Wf CONSIDER THF REACTION AT B REDUNDANT 

AND RELEASE THE ROD AT 5 

COMPUTE tf e WITH ff B = 0 

FOR EACH ELE MEhlT ) ENTER, 

!~i j A; j £ t ' 

UPDATE AXIAL LOAD 

P = PP 

COMPUTE FOR EACH ELEMENT 

<r ( - p/a, 

c P Li / A i B i 

UPDATE TOTAL- DEFORMATION 

= * f; 

COMPUTE^ Due TO UNIT LOAD AT B 

(jNlTv- ( = 1/ A C 

UNIT = /-(‘//I, Ec 
UPDtJfz T OrfiL UNIT DEFORMATION 
UNIT - UNIT (f B * UNIT ft 


SUPERPOSITION 

POP TOTAL DISPLACEMENT AT B c ZERO 


^ T " Nn h * 0 

P S = - ^b 


THEN: 


£P t T R 


6 


CONTINUED 




PROBLEM 2.C2 CONTINUED 


FOR IrACfi FlEMBNl 


cr = c r* t fig unit 07- 

<T = S L + ^6 UNIT 

PROGRAM OUTPUT 


Problem 2.41 

RA = -11.909 kips 

RB = -20.091 kips 

Element Stress (ksi) Deformation (in.) 


1 12.002 

2 -6.128 

3 -9.687 


-.00923 

-.00589 

-.00334 











Of uniform cro ° f wWch is homogeneous and 

rod has Afte^fctmperlTof the 

satar4£AiaM3!r5 

w. itSSSSSS S“a 

SOLUTION 

W£ COM PUTS THE DISPLACE Me UTS AT g 
teSUMlNC TH FRE IS NO SUPPORT AT &■ 

***** U , /); , e f , « f 

T&MPFtfATl/ffE CHAN 6 B J 
COMPUTE For EACH (ELEMENT 

&L ~ °*i ^ 

6 /P^JS TOTAL PFFOFMATlOtJ 

(Te - <f & +* <f i 

CoMP U TE cfp ifll/g TO 1/ A//T 3 

WIT <T, - L ( -/a 7^ 

Update total unit deformation 

UNIT <f g = (/W/t + UNIT f 

COMPUTE reactions 

FROM 5UPEFP0%\T10N 


THen 


~(C B '^)/ UNIT <Tg 




R 


0 


F0£ ELEMEN T 

fr = « t - L- T + R a £• 


CONTINUED 


PROBLEM 2.C3 CONTINUED 


PFOGFm OUTPUT 


Problem 2.53 
R = 25.837 kips 

Element Stress (ksi) Deform. ( 10*-3 in.) 


-21.054 

-6.498 


-3.642 

3.642 


Problem 2.54 
R = 125.628 kN 

Element Stress (MPa! 

1 -44.432 

2 -99.972 


Deform. {microm) 

500.104 

-500.104 


Problem 2 . 57 
R = 217.465 kN 

Element Stress (MPa) Deform. (microm) 


1 -144.977 242.504 

2 -120.814 257.496 

Problem 2.59 
R = 61.857 kips 

Element Stress (ksi) Deform. ( 1 0 * - 3 in. 


-22.092 

-51.547 


14.410 

5.590 



u 




given cross-sectional area, modulus of elasticity, and yield strength. The bar is 
subjected as shown to a load P which is gradually increased from zero until 
the deformation of the bar has reached a maximum value S m and then decreased 
back to zero, (a) Write a computer program that, for each of 25 values of S m 
equally spaced over a range extending from 0 to a value equal to 120% of the 
deformation causing both materials to yield, can be used to determine the max- 
imum value P m of the load, the maximum normal stress in each material, the 
permanent deformation S r of the bar, and the residual stress in each material. 
(b) Use this program to solve Probs. 2.109, 2.1 1 1, and 2.1 12. 



SOLUTION 

NOTE ; THE following ASSUMES (<r f ) < (<r y ) 2 
pISPLFCE MENT INCREMENT 

<f m = o.ot(^) z l/e z 

DISPLACEMENTS at yielding 

f* ’ F), L/E, <r B = K),ly% 

FOR. EAcA DISPLACEMENT 

,F < f A : 

- & m E ,/ L. 

^ 

(P m /L)(A,E I+ A 2 EP 

IF < S ' < Eg « 

T = (<r Y ), 

T - S m Ez! !- 
P ry] = Fi'T l +• ( f m /l~) 

IF Em > ‘ 

V-fo), 0~ 2 = (<Tsf) z 

Pm = A, T T A 2 <T z 

PERMANENT DEFORMAVOfiiS y REStpUAL STRESSE S 

$LOP£ OF FIRST (elastic) SEGMENT 
SLOPE = (A,E, + A z E z )/L 
C 5 p ~ (Pm/SLOPE ) 

(<r ( ) w = r, -(E, Pm/ (L SLOPE)) 

FX-- A taOT " 


CONTINUED 





PROBLEM 2.C4 CONTINUED 






PKOC - r a m 

OUTPUT 






Problem 2 . 

109 






DM 

PM 

SIGM(l) 

SIGM { 2 ) 

DP 

SIGR(l) 

SIG (2) 

MUm 

kN 

MPa 

MPa 

MUm 

MPa 

MPa 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

16.387 

60.375 

17.250 

17.250 

.000 

.000 

.000 

32.775 

120.750 

34.500 

34.500 

.000 

.000 

.000 

49.162 

181.125 

51.750 

51.750 

.000 

.000 

.000 

65.550 

241.500 

69.000 

69.000 

.000 

.000 

.000 

81.938 

301.875 

86.250 

86.250 

.000 

.000 

.000 

98.325 

362.250 

103.500 

103.500 

.000 

.000 

.000 

114.713 

422.625 

120.750 

120.750 

.000 

.000 

.000 

131.100 

483.000 

138.000 

138.000 

.000 

.000 

.000 

147.487 

543.375 

155.250 

155.250 

.000 

.000 

.000 

163.875 

603.750 

172.500 

172.500 

.000 

.000 

.000 

180.262 

664.125 

189.750 

189.750 

.000 

.000 

.000 

196.650 

724.500 

207.000 

207.000 

.000 

.000 

.000 

213.037 

784.875 

224.250 

224.250 

.000 

.000 

.000 

229.425 

845.250 

241.500 

241.500 

.000 

.000 

.000 

245.812 

890.312 

250.000 

258.750 

4.156 

-4.375 

4.375 

262.200 

920.500 

250.000 

276.000 

12.350 

-13.000 

13.000 

278.587 

950.687 

250.000 

293.250 

20.544 

-21.625 

21.625 

294.975 

980.875 

250.000 

310.500 

28.737 

-30.250 

30.250 

311.362 

1011.062 

250.000 

327.750 

36.931 

-38.875 

38.875 

327.750 

1041.250 

250.000 

345.000 

45.125 

-47.500 

47.500 

344.137 

1041.250 

250.000 

345.000 

61.512 

-47.500 

47.500 

360.525 

1041.250 

250.000 

345.000 

77.900 

-47.500 

47.500 

376.912 

1041.250 

250.000 

345.000 

94.287 

-47.500 

47.500 

393.300 

1041.250 

250.000 

345.000 

110.675 

-47.500 

47.500 

Problems 2 

.111 and 2. 

112 





DM 

PM 

SIGM(l) 

SIGM (2 ) 

DP 

SIGR { 1 ) 

SIG (2) 

10**-3 in 

. kips 

ksi 

ksi 

10**-3 in. 

ksi 

ksi 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

2.414 

8.750 

5.000 

5.000 

.000 

.000 

.000 

4.828 

17.500 

10.000 

10.000 

.000 

.000 

.000 

7.241 

26.250 

15.000 

15.000 

.000 

.000 

.000 

9.655 

35.000 

20.000 

20.000 

.000 

.000 

.000 

12.069 

43.750 

25.000 

25.000 

.000 

.000 

.000 

14.483 

52.500 

30.000 

30.000 

. 000 

.000 

.000 

16.897 

61.250 

35.000 

35.000 

.000 

.000 

.000 

19.310 

70.000 

40.000 

40.000 

.000 

.000 

.000 

21.724 

78.750 

45.000 

45.000 

.000 

.000 

.000 

24 . 138 

87.500 

50.000 

50.000 

.000 

.000 

.000 

26.552 

91.250 

50.000 

55.000 

1.379 

-2.143 

2.857 

28 . 966 

95.000 

50.000 

60.000 

2.759 

-4.286 

5.714 

31.379 

98.750 

50.000 

65.000 

4 . 138 

-6.429 

8.571 

33.793 

102.500 

50.000 

70.000 

5.517 

-8.571 

11.429 

36.207 

106.250 

50.000 

75.000 

6.897 

-10.714 

14.286 

38 . 621 

110.000 

50.000 

80.000 

8.276 

-12.857 

17.143 

41.034 

113.750 

50.000 

85.000 

9.655 

-15.000 

20.000 

43.448 

117.500 

50.000 

90.000 

11.034 

-17.143 

22.857 

45.862 

121.250 

50.000 

95.000 

12.414 

-19.286 

25.714 

48.276 

125.000 

50.000 

100.000 

13.793 

-21.429 

28.571 

50.690 

125.000 

50.000 

100.000 

16.207 

-21.429 

28.571 

53.103 

125.000 

50.000 

100.000 

18.621 

-21.429 

28.571 

55.517 

125.000 

50.000 

100.000 

21.034 

-21.429 

28.571 

57.931 

125.000 

50.000 

100.000 

23.448 

-21.429 

28.571 



PROBLEM 2.C5 



2.C5 The stress concentration factor for a flat bar with a centric hole 
under axial loading can be expressed as: 

AT =3.00- 3, 3 g). 3,6(|J-, .«(!)' 

where r is the radius of the hole and D is the width of the bar. (a) Write a com- 
puter program that can be used to determine the allowable load P for given 
values of 1 : D. the thickness / of the bar. and the allowable stress o-. lM of the 
material. (/>) Use this program to solve Prob. 2.94. 


SOLUTION 

EIOTF R 

< r .ll 

COMPUTE K 
RD = 2.0 r/D 

k = 3.00 -3.13 RO t 3.bb RP 1 - 1.5-3 RD 3 

compute Average stress 

^m/K 

AUOWA &LB LOAD 

p u ' ^ (D-Z.Or)i 

PROGRAM OUTPUT 


Problem 2.94 
Hole at A: 

K = 2.573 P = 7.773 Kips 

Hole at B: 

K = 2.159 P = 5.559 Kips 



PROBLEM 2.C6 



2.C6 A solid truncated cone is subjected to an axial force P as 
shown.Write a computer program that can be used to obtain an approxima- 
tion of the elongation of the cone by replacing it by n circular cylinders of 
equal thickness and of radius equal to the mean radius of the portion of cone 
they replace. Knowing that the exact value of the elongation of the cone is 
{PL)/( 2 irtrE) and using for P, L, c. and E values of your choice, determine 
the percentage error involved when the program is used with (a) 
n - 6, ( b ) n = 12. (c) n = 60. 


SOLUTION 



FOR L - I TO n : 

Li - (i + 0 . 5 -) a/n) 
r t - - 2 c - c ( i-;/L) 

AREA: 

A = rr r ( z 

D/S PLACEMENT : 

P(A/n )/ (A E) 

£XAC T DISPLACEMENT: 

r = PL/(2-0ttc 2 E) 

0 e/Acr / 

PERCENTAGE ERROR : 

PERCENT ~ !O0(S- S ethil )/l BU ^ 


PR06RAM OUTPUT 


n Approximate Exact Percent 


6 

12 

60 


0.15852 

0.15899 

0.15915 


0.15915 

0.15915 

0.15915 


-.40083 

-.10100 

-.00405 





I 


PROBLEM 3.1 


3.1 Determine the torque T which causes a maximum shearing stress of 70 MPa in 
the steel cylindrical shaft shown. 



SOLUTION 


T « f (o.oii) i (7onio i ) - QUI tJ-m 


PROBLEM 3.2 



3.2 Determine the maximum shearing stress caused by a torque of magnitude T - 
800 Nm 

SOLUTION 

irt» ' ^(O.oiS'ja - ° 7 - i 10 Pa 

Z7.-3 MPa <-» 


PROBLEM 3.3 


'(PS 


3.3 Knowing that the internal diameter of the hollow shaft shown is d = 0.9 in., 
determine the maximum shearing stress caused by a torque of magnitude T= 9 kip-in. 



SOLUTION 


C z = * O.i i«. C - 0.8 in. 

C, = i<i, ~ 0.*S i* 

■T » flcj- C, 1 ’')- |(o.8 y -O.VS J ')= 0.5170 In* 

= TIS. - (4) ( 0 . 8 ) /2 44 ks\ •* 

si 0.S77O 


PROBLEM 3.4 


/ 7 N 



3.4 Knowing that </ = 1.2 in., determine the torque T which causes a maximum 
shearing stress of 7.5 ksi in the hollow shaft shown. 


SOLUTION 


C z - d z = ( I.C^ - O.S im c - 0.2 I*) 

Ci = = (4: r 0.6 !r\ 

J = i(cYc l , )^^(o.%‘ l -0.€ Y ) = 0.4398 m 

'Y — rc 

4./2Wp-in . 


-r - -iS 
1 ' t 




PROBLEM 3.5 


3.5 (a) For the hollow shaft and loading shown, determine the maximum shearing 
stress. ( b ) Determine the diameter of a solid shaft for which the maximum shearing 
stress is the same as in part a. 



SOLUTION 

c, = *(4Ko.0**0) = 0 . 0*0 m 

c z - {^2 = (i) (o.OU = 0.030 w c= 0.030 m 
J = \ (c/- 0 ,’)= f (0.030'* - O.o*o) v 
= 1.02 10 >v> ¥ 


(O.'l 


^ ^ = 4^^ = 70. SA */o‘ 


(U r - 


TC; 

J 




r TT ^ 

J* 7 ^ 


_ ax _ 

7T£ * -rrCzo-s'Ax/o* 


C 3 - 


-3 


1.0210 X/O 


p« 


70^5“ H Pcl 


57. 83 */0 rv> 


r- ^=3 

ttc 3 3 

zr 2.1.67 *IO- C m* 
XCj* S5~.2»-lo V 


ST.8 




PROBLEM 3.6 

SOLUTION 


3.6 (a) Determine the torque which may be applied to a solid shaft of 90-mm outer 
diameter without exceeding an allowable shearing stress of 75 MPa. ( b ) Solve part a, 
assuming that the solid shaft is replaced by a hollow shaft of the same mass and of 90- 
mm inner diameter. 


(ol'I For- +)ie So J)J sUF+ C - jJ - Cx)(o.O*cO = 0.0V* m 


1 . 
c ~ 

T ‘ = 


E c , 5 
a c 

l£ 

J- 


■r ^(o.o<(ir s m3 . * io'‘ ^ 

I0* t )= Ii0.74 * IO i A/.w> 
10.74 kfj- * *-■ 


T * r =?£.- 


M HJ/oW U*f+ C, = |<L = (iKo.Crto) = 0.0*5 m 

For masses +•'€ cross s arcs K>trS+ be 

A = it c l = tt (c. 4 l - e, *■ ) or c z =Jc*+c z ~ 

C t - 70 .o4^ + 0.0*S l h 0.0634 396 m 

J-.ftc,’- C,") = 19.3237 x/o‘ m" 

T = - (75^10^(19. 3 237 WO'*) _ ^. 77 x/ 0 3 /g.„ 

C 2 “ 0.O43C316. 

W.8 kN-^ «* 



PROBLEM 3.7 


3.7 (a) For the 3 -in. -diameter solid cylinder and loading shown, determine the 
maximum shearing stress. (6) Determine the inner diameter of the hollow cylinder, of 
4-in. outer diameter, for which the maximum stress is the same as in part a. 


SOLUTION 


CaJ) Soil'd c ~ - J-S* I* 

sJ 7TC* 7 T(|.O s /0 ^ 51 

(b) staff* Cz~ji[d - - 2.0 m. 


T = 40 kip • in. 

a>) 


f = lfe ^ =s!2 = x 

r * - iXSv - 20* - r 7 . 25 ,V 

C| ' c * tt(t .W) 


C, - /. 74375 


PROBLEM 3.8 


SOLUTION 


- *• TT(7.W) 

3,-20,- 3.W in -< 

(a) Determine the torque which may be applied to a sdlid shaft of 0.75-in. 
diameter without exceeding an allowable shearing stress of 10 ksl (b) Solve part a, 
assuming that the solid shaft has been replaced by a hollow shaft of the same cross- 
sectional area and with an inner diameter equal to half its outer diameter.. 


(a) SoP.d sU4+: =(^(0-751^ 0.375 in. 

J-fc' - f(o.-S7jry - 0.O3J OSS -i*' v Ws/ 

7 * XX = (p- g gi g6sXiO _ 0t g 2 g k,p. or iL/V. 

(b) HoPjta sta'f'f" 

A = 7r(C a a -c*) - 7r[c/ -(£^4] ~ = 7TC ' Z 

C^-^Lc = ^(o.375)= 0.^3i£M3 ;« 

C| - *k c z - I cSOG> 

J - * £(©*43*W3*- O.ZIC>£06*) ’ 0.05)79*3 »V 

*r = ~ U9£kiViVi <>•* //% i*A. 

1 c 2 0 .^ 33 © i 3 r 




PROBLEM 3.9 


3.9 The torques shown are exerted on pulleys A and B . Knowing that each shaft b 
solid, determine the maximum shearing stress (a) in shaft AB, (6) in shaft BC. 



SOLUTION 

SWfV AB: d*O.O2>0m } drao/fm 

=■ Xa. a gr_ .. a 

vj ifc 1 -n (o.oir) 4 ' 

=• S6.£$8*lo‘ Pa. - SG.Z MPa. 

SUW- 6c: Ti t = 300 + Hoo - 7oo w-w 


d s 0.0*6* 


c- o.ox\ wi Ts. = 2JL ri ^Xlggl , 

’■ TTC. 1 TT (0.028)* 


•J 

- 3C.CZG*lo‘ Pa 


36. £ MPa. 


PROBLEM 3.10 



3. JO The torques shown are exerted on pulleys A and B which are attached to solid 
circular shafts AB and BC. In order to reduce the total mass of the assembly, 
determine the smallest diameter of shaft BC for which the largest shearing stress in the 
assembly is not increased. 

SOLUTION 

5 h oft >48 : - 3oo cl = o. 03 o ^ j c - O.o i S' ^ 

tu, = - it - imspi. 

J TTc a ~TT (0.0 (S') 3 
- 5t.SOTWO C Pcl 56.6 MP<5. 

Shaft BC- Tec = 300 + Voo = 7oo Ai-Hi 


d! * 0-23 h 


r - Tc , ar ay 7oo) 

>T " “ITC* ’ JT (6.0*3? 


- 36.624 */o 4 Pa - 36,6 MPa. 

T/»«, .Parses) stress (S6*S8$ * /0 4 P«k ^ OCCti^S vvh ipor-f»‘o^ Aj? 

ReJocc -He cf ■’ a»*\e^ BC ^iress, 

T^^7oo N-* r |X 

<? r -2JH » r 7. ZlSxlQ'**? 

U TT^m* TTCS£.5M>r/0 4 ) 


3 


c - ^ 


C# - 5c -- 3^.7<? x/0 


-3 








PROBLEM 3.11 


1200 lb • in. 


.500 Hi in. 






3. 11 Knowing that each portion of the shaft AD consists of a solid circular rod, 
determine (a) the portion of the shaft in which the maximum shearing stress occurs, 
(b) the magnitude of that stress. 

^ SOLUTION 

Sk*Ft A 8 : T = 40 O Jfc- m 
\ ■ C = ici = 0.30 in 

1 am = 0.9 in. 


- ^ X Si - JJL 

sT ~ TTC* 


a or “ 0.75 in. 


V - .gAWOO) . - Q|i 3 | e • 

^ ‘ “71(0.30^ “ 44 P S ‘ 


d, R = 0.6 in. 


S^a-Ft 8 C : T =-400 4 /20O = goo A./m 


c-iJ.aw.. 

Shaft Ct>: -400 +1-200 4^00 = /30O A-i* 


°ie£2f>'. 


o = "i ol ~ 0.45" ji 


-Tc = 2 T 


*> - 2 ^ im *-kv*y - "v ■ - — — ■ — r* — : — n 

J TTC 4 TT( 0 . 45) 3 
/‘Kiev's* sLJ 4* BC (b) 8.66 l&i 


r 803^ 


PROBLEM 3.12 


500 Hi ■ in-- 


3. 12 Knowing that a 0.30-in. -diameter hole has been drilled through each portion of 
shaft AD, determine ( a ) the portion of the shaft in which the maximum shearing stress 
occurs, (h) the magnitude of that stress. 

I"" SOLUTION 


iitOU II) • in. N 


to 


"d CD = 0.9 in. 


b\oie ■ C, = jd, - o. 15“ m 

SUft A 8 * T- 4 oo A -iw, 

C.^ — ^2 ~ 30 ,w i 


'd R r = 0-75 in. 


J‘-f(q , "C l , ) = $( 0 . 30 * # . o./^) 


\ B VI - 0.01/928 i* ¥ 

V y d AB = 0.6in. y Tct _ (400 X 0 . 30 ) 

^ = 10600 p s * 

SUff BC-- T - - too t-l7oo = 800 Hi- in C 2 =-£d z - 0.37S in 

J = W-C,')* f(o. 3 ')s‘ , - 0 ./j'') r O.C 302 S 8 
v . Tc, _ (,Booyo. 3 is-) 

T **' * t - 0 . 030^8 r r 3> 

Shcf+CD: T = -400 4 / 200 +S"oo = isoo il- in C* = i r 0.4*7 ,« 

j - Kc^-c/ j * f(o.4s- y - o. ** ) =■ 0.063617 ;« y 

V .. Tc. (1300 ^0.43-) 

= o. 063 617 - P S ‘ 


Aftsiwtcs.' (a) sk«f+ AB 


(b) 10.06 ks; 




PROBLEM 3.13 


3.13 Under normal operating conditions, the electric motor exerts a torque of 2.4 
kN-m at A. Knowing that each shaft is solid, determine the maximum shearing stress 
{a) in shaft AB, ( b ) in shaft BC, (c) in shaft CD. 



SVi<vFt /AS : Tas “ J.^y/o 2 c= ael = o.oH7 vt> 

** J- Hi 3 ' Tr (o.o27) 3 ” 77.M5V/0 Pa 

sur+ sc.* 7^ = 2.4 - la ^-*7 - /.2 c 

* 5? = ZL- - (~D to* 

ire* ~ tt (0,0 ZZ)* " G 2.78z>*/o r a 

StaW* £D r T co = OAxlO'N-w c ~ 4r ^ - 0 . 023 v* 


r = lit - 21 - y /° 3 >_ = 

t(a> -X TTC 3 TT (0.023 V 4 




77.£ MPa. -* 
•£<5/ = 0.023 ►< 
<S2. » MPa. -* 


,?o. c i MPa.-« 


PROBLEM 3.14 


SOLUTION 


3.14 Under normal operating conditions, the electric motor exerts a torque of 2.4 
kN-m at A. In order to reduce the mass of the assembly, determine the smallest 
diameter of shaft BC for which the largest shearing stress in the assembly is not 
increased. 


S&e sol J-h cm ~|-o prob ,5,14 ■£©*'' 4-foux^ cx^\A -Pcv I ^ 

S’W'-CSSCS tr\ AB ■> SC^ a*\al £,*0 "Hi-e The lnv**e3T 

Vofue ts - 77.42S - *IC> & ? a. OCX.Uirw*j | in A 13 • 


Aflljl/sl 3C +o ai+af-N *fKe s^tw\£ 


r Tc _ 2T 

or ~ vc* 

r a _ XT _ . - 

7 " ir tn.czs * 10 *) 

C - 21.43 x/O - * vn of- - 


7.^1 S' * )o^ 


V>7 


42.3 Hot*! 





PROBLEM 3.15' 


3.15 The allowable stress is 15 ksi in the 1 .5-in.-diameter rod AB and 8 ksi in the 
1 . 8-in. -diameter rod BC. Neglecting the effect of stress concentrations, determine the 
largest torque that may be applied at A. 


Steel SOLUTION 


I ^ _ T~ c 7 - - H r ^ T‘=-^r s 2r' 

r “* r j > J 2 > ^ w 

Skaff AS: r^y-IS'k s! c. = a d = 0.75 " ;» 

T= k.p-ih 

" Skaff BC.'- ^,-=3 Ksi 

T r 1 (a.=iofC&) = !<!•>' II. 

Tke 1< -(-uvs) je ,s +^e s** eJJes -VaiW ~f~ - 7. 16 it !, p • iV\ 



PROBLEM 3.16 


3.16 The allowable stress is 1 5 ksi in the steel rod ^5 and 8 ksi in the brass rod 
BC. Knowing that a torque T = 10 kip-in. is applied at A, determine the required 
diameter of ( a ) rod AB , (6) for BC. 



SOLUTION 


= l£. 

J ■> 


-T _ m 

^ “ 2 •> 


s _ 2T 


c = 


A8- T - /® u: r i» tL,* IS ksi 

.1. (2_)O u L » o.hzw >•>* 


cnoi . 

T(«r ) 

C = O.ISlSm 


d = 2c ' I.SoB in. 


5Uf + ec: r - /o k<p' i* tu* - a *»< 


.i ftk'io) _ 

c "if fsT ~ aiHS77 


C. ” O. 9-26 7 i*i 


d ~ 2c. - L SS 3 m. 









. .J 


PROBLEM 3.17 



3.17 The solid rod AB has a diameter d A8 = 60 mm. The pipe CD has an outer 
diameter of 90 mm and a wall thickness of 6 mm. Knowing that both the rod and the 
pipe are made of a steel for which the allowable shearing stress is 75 MPa, determine 
the largest torque T which may be applied at A. 

SOLUTION 

*10* P<* TLy = 

Rod AB : C =r e) » 0.030 w> ^ s J - 

= Id t*M *%(O.OZO)X7S*IO*) 

=■ 3, /g/ 


Pipe CDS C z ' ^d^O.OlSr^ C,* C z - t * 0.OVr-a*r>6 ■= 0.031 m 

J = ?( C 2 . Y * £»*) - 5 (o.ois*- O.osd) = 2. So 73 XI'S '* 

T - U.SQ73x/Q^)(75-x/O fe ) r 

' 0.0 

AilPp^«ctle is H4i* &**aJ2*s \)oJ,w (ZjSxic? 3. J £ K N***\ ■*** 


PROBLEM 3.18 



3./8 The solid rod /IB has a diameter d, - 60 mm and is made of a steel for which 
the allowable shearing stress is 85 MPa. The pipe CD has an outer diameter of 90 mm 
and a wall thickness of 6 mm; it is made of an aluminum for which the allowable 
shearing stress is 54 MPa. Determine the largest torque T which may be applied at A. 


SOLUTION 

Rod AS : 'd'M? S5"V/o‘ Pr J c = = 0.0 30 «, 




- %(o.o3of(2Sxi0 6 ') - 3-feor^/O 1 N- * 


'Pipe CD : r^x- St'lO 6 Va. c l =^d l - 0.045" *, 

C, = Ci-t = 0.0H5-- 0.006 * ao3^ * 

•T = ^ C c ^ • C./ ) - %(p.OHs' l -0.o3 e jr'') = 2.8073 * /o'" «~»** 

r„, = ^ -- , 3 w~ 

fiJfowakPe ‘ta/'cjDe. is va.A>* 77tf T 3.S^^p 5 


3.37 KW-tv, 






PROBLEM 3.19 / 


Aluminum 



3.19 The allowable stress is 50 MPa in the brass rod AB and 25 MPa in the aluminum 
rod BC. Knowing that a torque T - 1 250 N-m is applied at A, determine the required 
diameter of (a) rod AB, (6) for BC. 


SOLUTION 


T-- 1 # cS --W.„ 

fej AB-' e'-fgnSr ' '' 


C - 'ZS.lSxio r<\ - 2ST. 


di B - = So. 3 


RoJ ZC* c* *= 


TT (,25-'xlO €> ) 


~ 31. SSI 


C = 3t.C9xia fn - 3/.C9 ***> 


63. H 


Aluminum 


PROBLEM 3.20 3.20 The 5o//d rod SC has a diameter of 30 mm and is made an aluminum for which 

the allowable shearing stress is 25 MPa. Rod AB is hollow and has an outer diameter 
of 25 mm; it is made a brass for which the allowable shearing stress is 50 MPa. 
Aluminum Determine (a) the largest inner diameter of rod AB for which the factor of safety is the 

i B same for each rod, (b) the largest torque that may be applied at A. 

j SOLUTION 

a S.hA r-cABC: r = J = f c* 

*i°‘ p<a - c = i d = o. oi-S w 
To* = (p.O\£'f(lS*\o li ) = 132 . S 3 C W-k 

Hoi 'lew roJ AS : - SO«IO t Pa. Tat - \32.£36 KA* 

C L - -kJz - i(o.ozs") = O-onS" m c, = ? 

Cut = 

c* ~ c 2 < - - Q.onC 

z irr** “tt (5o^io 6 ) 


C, = 7.rf * I0~* m s 7.5*7 


- 2c, - 


f\)iosj *.LJte +c TLtt • /32.5T 



PROBLEM 3.21 


3.21 A torque of magnitude T - 1 000 N-m is applied at D as shown. Knowing that 
the diameter of shaft AB is 56 mm and the diameter of shaft CD is 42 mm, determine 
the maximum shearing stress in {a) shaft AB, ( b ) shaft CD. 


SOLUTION 


T co = IOOO W* 

T - Xs t - l°° 

** ' W 00 Ho 


SU-T-t AB : C ~ 

r- I®. - 2 JL - (iYiSoo') 

J T!C a * U { 0.01$ 



= 72.50 xl£> & 


Sh«f+ 8C- C -iol = o.ozo * 
y _ Tc _ 2X. - (Z)Clooo) - 

L ~ J" * TT C 3 T(O.02o^ ! 


£8.7 * lo' 


TtS MPa. 


£8.7 MPa. 


PROBLEM 3.22 

SOLUTION 

Tco = looo N-h, 


3.22 A torque of magnitude T= 1000 N-m is applied at Dus shown. Knowing that 
the allowable shearing stress is 60 MPa in each shaft, determine the required diameter 
of (a) shaft AB, (it) shaft CD. 


40 mm 


t* - -r 

Ue - yT - 


loo 

Ho 


(10001 r 2S0O Mm 



SWH A8 ; - GOxjo* Pa 

t 1 -- ^ s 2X s (2)(2-roo) _ 


-3 


C - 7°l.%Z*lo r 2*82 

CD* 21ip = Pa 

g . Tc _ 27 


d - 2 c - '5*?. G 


J TTC* 

C = 3/. s )7 v /o' 3 ™ - 2/. 77 m», 


r'r 21 r ClXl OOO^ _ 

' TT2’ ' TT(C,oy/o‘) 


0.6IO x/o' 4 m* 


4 - SC 1 H3.3 *.», 






PROBLEM 3.23 Tp = { 200 at F j 

for the given data, det 
SOLUTION 3,23 r o = 8in 

T f - 1 200 A - > v ' 

— T f = f(l 2 oo')=. 3200 Jk-i* 

'LaH ~ 10.5’*/$' “ IOS0O psi 

•Y ■= IS. - 2. TL 2 _L 

L J“ 7TC 3 i c Ttr 

(a-) 5U-T4 COE 

C? - ^7fV° -T- r 0. mou in* 

TT ( loSOd) 


3.23 and 3.24 Under normal operating conditions a motor exerts a torque of magnitude 
7> = 1200 lb-in. at F. Knowing that the allowable shearing stress is 10.5 ksi in each shaft, 
for the given data, determine the required diameter of (a) shaft CDE y (b) shaft FGH. 
3.23 r D = 8 in., r G - 3 in. 



c - 0.6‘7S^ 
Cb) SW-fi FGH 


«L. -2c.- \. 1 X 8 m. 


" o.omsTS 


c - 


6 at = 2c - 0.-8S5" m 


PROBLEM 3.24 


SOLUTION 

T f - 1200 A>-n 


3.23 and 3.24 Under normal operating conditions a motor exerts a torque of magnitude 
7>= 1200 lb-in. at F. Knowing that the allowable shearing stress is 10.5 ksi in each shaft, 
for the given data, determine the required diameter of (a) shaft CDE, ( b ) shaft FGH. 
3.24 r D - 3 in., r G - 8 in. ^ 


t f - £t f = -f<' l2o °) = a-m. 

»g n 

t^=io.5k« - p S ; 


r - Is. - 2 T 

J 

SU-F+ CDE 


c ‘ Tf? 


C 3 - = 0.0272 gS iV* 

TT (lOSOO) 


c ” 0.30/05" 

SWoff FGH 


d fi<? - - 0.602. in 


C 3 - _ 0.O727S7 

TT(|oS*>cO 


C * 0 .HI 7 1 / .V 


d-,- 2 c - 0.% SS"m 



Lr D 

^L| 

£ c 

5 

^ J* I 






PROBLEM 3.25 
SOLUTION 


3.25 Under normal operating conditions a motor exerts a torque of magnitude T h at 
F. The shafts are made of a steel for which the allowable shearing stress is 12 ksi and 
have diameters of d CDE = 0.900 in. and d FGH = 0.800 in. Knowing that r D = 6.5 in. and 
r c = 4.5 in., determine the largest torque T F which may be exerted at F. 


SkflCpf FG- C “2^ - OAOO in 

T - ^ 'Cll - 1Y r 2> sy 
q - “L L. 





T 

— (o.Moo) 0^.^ = \.2 0£» m- 

SWtDE: c=^d=* O.Hra i* 

Te^ T ?C*t^ 

= j ( O.HSo) 3 (\z ) * 1.7177 k.p-ih 
T F ^^T e (1.7177) - 1.1X9 kf- ih 

AMowaWe Vaibe of T f is 3W\eJ#ef 7^*# = I- IS? 


PROBLEM 3.26 


80 mm 


50 mm. 



3.26 The two solid shafts are connected by gears as shown and are made of a steel 
for which the allowable shearing stress is 60 MPa. Knowing that a 600 N-m-torque 
T c is applied at C, determine the required diameter of (a) shaft BC, ( b ) shaft F.F. 

SOLUTION 

SU-H B 7 • T c = 600 W-rn j (.OVID 1 - pa. 

Te _ 2J 

L ~ S ~ ^ » 


7TC 


r 3 r -2J1 - - £ 3£CJ?X 1£)~ 6 

c TTZ , n(Gox’jo c ) *••***<* * 

c r is.JT.3 x/o' 5 m - eL I 


Shaft EF • T f * §T c = H< 600 ^ 375- M-m 


r = T£ = ML 

J 7TC* 


£*= r . te)te7n = yr? 

• TT2T 

0 “ /i'. $ 5 ^ 10 5 m - I S’. 85*"*"^ clg-p- r 31.7mm 



PROBLEM 3.27 



3.27 The two solid shafts are connected by gears as shown and are made of a steel 
for which the allowable shearing stress is 50 MPa. Knowing that the diameters of the 
two shafts are, respectively, d BC = 40 mm and d EF = 32 mm, determine the largest 
torque T c which may be applied at C. 


SOLUTION 

Ac: SO*io c P*_ j 0.0Z0 m 

T. = — = %c'X. - r. (o.oZo)' i (So»io e -'> 

= GS.S.3 N*** 

SWf+ DF* X^ SOA& 9 c , c = O.oife *, 




= 32.1.1 


Fro*, 2+«h‘cs • T c - ^T f - (3*1.7') = S'! ¥.7 

To ° 

PsDlovjcjob vckioz of 1 ^. «s -He /.e. T P “ 6 / 5 " 


PROBLEM 3.28 


5.28 In the bevel-gear system shown a = 18.43°. Knowing that the allowable 
shearing stress is 8 ksi in each shaft, determine the largest torque T, which may be 



T a - ^ = \ C S X - f(0.3/*sf (8) T 0.S235- k.p-i 
Fro*, Sfo-fi'cs * 7^ - T ra =• (~hiv\ oOT|j - (h**> 1 3.¥3 ^(©.*>8857 


= O. 1*77*? b.p- 


A J)J!o*jcA,$z \jcl 9 c< of 1 * is 4 fe 


T A - 0.(278 k'f i* - 127.8 JUm 




PROBLEM 3.29 



3.29 (a) For a given allowable stress, determine the ratio T!w of the maximum 
allowable torque T and the weight per unit length w for the hollow shaft shown. (6) 
Denoting by {T!w\ the value of this ratio computed for a solid shaft of the same radius 
c 2 , express the ratio T/w for the hollow shaft in terms of and c,/c 2 . 


SOLUTION 


T . 


J'tu 


w/ = pcstMib t ^ 7*- 3pec ( 'A'c we/gAf 

"W" * f-c?fc xi H/etyk’V 0 L - 

W XL A . = ya = V TT 

, z. C^rCx 1 ^ | (C,%e,^cc>*>e.«) ^ 


xv- 

w. V 


. c t ?*t 


c,-o 


zrc 2 2r 

■fio r sXVJ (J') 




£1 

<V 

r S x-Skf 
2T 


( SoJlJ 


1 + c? (t\ _ mf, cj\ 

(t/w.x " ^/ h -Vw/ 0 \ ,+ c*v 


PROBLEM 3.30 






330 While the exact distribution of the shearing stresses in a hollow cylinder shaft 
is a shown in Fig. ( 1 ), an approximate value may be obtained for by assuming the 

stresses to be uniformly distributed over the area A of the cross section, as shown in 
Fig. (2), and then further assuming that all the elementary shearing forces act a distance 
from O equal to the mean radios r m = ‘/a(c, + c 2 ) of the cross section. This 
approximate value is t 0 = T/Ar m , where T is the applied torque. Determine the ratio 
tnjt 0 of the true value of the maximum shearing stress and its approximate value t 0 
for values of c,/c 2 respectively equal to 1 .00, 0.95. 0.75, 0.50, and 0. 


SOLUTION 


Fo»r o- h»/Jow sliaf4: X* 


- l£i 2ZCx 

J = Trte-csj 

_ ZTC t 
" A(C 2 * + c, J ) 

By deA'nih'on Y - — X_ _ — ZT 

I Avw, A (A+e, ) 

_ C l (C 1 *C,') | + (c ,/c*3 


2TCj 


rte-cSXcf+cS) 


^ 'to 

cT 1 

+ c ( ' t 

\ * 

(C./^ 

Cl /Cl 

1.0 

0.75 

0.75 

OS 

0.0 

/r. 

1.0 

1.0115 

I.IJo 

1.3oo 

fvG> 





r 2r, l) N n. 


jf 

PROBLEM *.31 3.3! ^ For ^ stee * show” (O = 77 GPa), determine the angle of twist 

at A. ( b ) Solve part a , assuming that the steel shaft is hollow with a 30-mm outer 
diameter and a 20-mm inner diameter. 

18m SOLUTION 

""''"'I ecu) c - -jr d = o. o/s" m , - |(o.«5T 

! J r L = f.? ^ } G - 11*10* Pa. 

^ ^ T^T) T * 2SO N‘*» <T) r Ik 

30 mm 

' <D r- r 13^^ W o“ a y*«u* 

^ (77 */0^ )(7^.<522 * /o* 1 

<t) - C73 .^xio’ 3 M ao _ 4 2| o ^ 

T TT 

(b) C 2 r 0.015 0, - id, - 0.OIO w! ^ J (C 2 4 - C/') 

j r ( 0 . 015 "- o.o/o"; r ^3. 8 H//o‘' m* g? “ 

<? r ■■■■ ^ 

T (77 *lo*)(£Z.2l t f X jo 1 “ 


PROBLEM 3.32 




(b) HJiU sUH 
Ma4<^lu»o^ 

C = 0.55^o iV 


3.32 For the aluminum shaft shown (G = 3.9 * 1 0 6 psi), determine (a) the torque T 
which causes an angle of twist of 5 °, (b) the angle of twist caused by the same torque 
T in a solid cylindrical shaft of the same length and cross-sectional area. 

SOLUTION 

J (a") $> = , T-- ££& 

$ - 5° T 37.266*16* r*J, l= 4ft = 48 

j=l(c l i -c, ,, )= fco.?r-o.r) * o.3?m 

T - jfO,;?S*- : )< , S7.;?C6»/0' i! ) 

1 * 48 

= 2.?3?‘t "fo 1 = 2.83 kip- i« —l 

A * irCc,'- c* ) SoU sW+ A = tjc 1 

c' = c/-c, l = <?.75 l -o.s"* =• o.sizy r«« , ‘ 

vf - fc 1 ' = Zlb.SS-loy r 153. 3?g y/o’ 3 


- X,d. _ (,•?. )(48) _ 

* GvT ' C3.4y|oM(»5^.31«Wo-* 

- 13.00° 







PROBLEM 3.33 



3.33 The ship at A has just started to drill for oil on the ocean floor at a depth of 
5000 ft. Knowing that the top of the 8-in.-diameter steel drill pipe (G - 11 .2 * 

10 6 psi) rotates through two complete revolutions before the drill bit at B starts to 
operate, determine the maximum shearing stress caused in the pipe by torsion. 

SOLUTION 

CD - XJ= T - 

J L 

Y - Ifi - GJ(pc . Gff c 

L * ‘ ~JL “ L 


• (2Hair) r /?. SU i C - r 4.0 ; n 

L - Sooo -Ff = Goooo *£ 5 ; tw.o) 

Coooo 


= 9„$2Z£*Jo* p*»‘ 


%3S k si 


PROBLEM 3.34 


J. 34 Determine the largest allowable diameter of a 3-m-long steel rod (G = 77 GPa) 
if the rod is to be twisted through 30° without exceeding a shearing stress of 80 MPa. 


SOLUTION 


L-3», <p = -SOJT r S23. 6 r=gO*/O t Pa. 


T * 


CP = — 
j G J -> 


GsT (pc _ Gr(PC 

L " J ‘ Tl ~ l 


C: 


.PL 


-3 


(T7*lO*)U2S.* */0" 3 ) 


r S.953*l0 

d ~ 2c 7 11.91 


PROBLEM 3.35 


ril 


3.35 The torques shown are exerted on pulleys A and B. Knowing that the shafts are 
solid and made of aluminum (G - 77 GPa), determine the angle of twist between ( a ) 
A and 5, (£) A and C. 

SOLUTION 

(cx) ~ 300 j : ’{d - 0.015 

J* = Ko.OisV = 77.522 x/o" 1 M » 

(p r -Jm-LaS- _ — ^ T 47. 075 x/o 1 
G-\T " C77x7o*lcm^7o^ 

3>« = 2.53' - 

CM Tit - 3 00 + 400 • 700 1*6^ O.lSrn J Cg 4 r -iSfe) = 0.025 ** 

J 6t = f (omi)'- w.sn*to’ *>' t 

a . TicU _ (700 H 0.75) 

yet ' UJ.C ‘ (77 x/O* )(431.S73 k/CT' ) 



= 15,5/; */o" s 

-S 


<?Ac = <Pm + = SWoflo r*J - 3.42 


PROBLEM 3.36 

30 mm 


3.36 The torques shown are exerted on pulleys B, C and D. Knowing that the entire 
shaft is made of steel (G = 27 GPa), determine the angle of twist between (a) C and 
B, ( b ) D and B. 


MIX) N • m 




900 N • m 


300 N • in 




SOLUTION 

36mm BC * C ■ = 5 0*0!& »VJ 

/ slat - ^ C* - ll.SSSxlD-' w* 1 

L 8£-0.8m^ G-* 27*/C>'' 

f /"a <P r It - (jMgJKojO 

- 0.1^9 904 - 8.54°-* 

- T" _ "IT. r' ^ + \ *.*1 H 


(b^ SlittW- £-4^- O.O/g^ Jc*«$fc 4 = Itt.ftgKjO"* v» 

L tD - 1.0 rvt T^o ^ 400-^00 = - S'OO VJ.*» 

- X L. _ „ s\ 1150 ^ 

^ CD ~ &T " (77^IO q )0ci .m*/oM * O.)l*30**4 

<3> e » - ♦ <?co - O.Wf -0./(*30 r 0.0347^^= Z.lt ° 


PROBLEM 3.37 



3.37 The solid brass rod (G = 3*1 Gfl- ) is bonded to the solid aluminum rod 

BC(G~ 27 GP&). Determine the angle of twist (a) at B, (b) at A. 

SOLUTION 


f Shaft A6 ■■ C= id r O.OIS^ L.-0.ZSO K, 


f G = 39 x/ 0 1 Po. 


T * /go 


ISO N • m 


320 mm 


J = \ C.’ - 79 .S 2 Z */o"' 

(D - Ik - ( lio)(Q.2So ) ___ . H , •> , 

GJ " (3‘lx|0 , X79.«3x/o*' , ; ' 5 ° ° 


■SV.«fi 8C. : Ct-£< 4 = O.OIg L=0.32 Oh, 

G - 27*/o’ Pa. , T ■= 180 W*w, 

>j - ? c 1 * 1 tew. m /io*' 1 

^ _ (/80K0.32.0') _ 1 2.937 * id ' 3 r*J 


^8e. = 


27 V(o' t )(I& 4.846 ■'to’’ 


Answvs ! (a) - <p tt * 12.437 X | 0 ' s *v»d =5 0 . 74 / * 

(k> ^ •= (p ec 4 <p A g r 27.447 y/crVad = I.S73 




PROBLEM 3.38 


3JS The brass rod AB (G = 5.6 x 10‘ psi) is bonded to the aluminum rod SC 

(G = 3.9 * 10* psi) ■ Knowing that each rod is solid, determine the angle of twist 
(a) at B, ( b ) at C. 



SOLUTION 


8o+U poi'-fi’ 0*5 


C = id * 0.25% 


J - \C H r G. 135"*** in'* 


T - 3oo in 


SKaH AB: £r*g=- vS:6*io 4 ps.f Lm= H ft = 4s 
. T La« ( 300 *) CH8) 


- ^AS 


G- A eCT (r. 4 x I o 4 *) (€. I s&y/o' 5 ) 


= O.m*} ~ 2H.0* 

SUf+ 8Ct G*» 3.^*io c f «; £*.» *72. i«*. 

<P T ii* _ (2°o)(7Z) > 

SjcsT (3.4 *'IO t )(fc. i^5 , iv'/o‘ i ■> 

- O.IO'iro.J - SI. 7* 

& - % * cp*. 

- 0.4(7 4-0. ^03 r |.32o r 74 ,' 6 * 



PROBLEM 3.39 


3.39 Two solid steel shafts ( G - 77 GPa) are connected by the gears shown. 
Knowing that the radius of gear B is r B = 20 mm, determine the angle through which 
end A rotates when = 75 Nm 


r c - 60 mm 24 mm 

\ C v ^ 


SOLUTION 



C/Vcum- P e*-enf\'«.jP fo^c*. befw/een 

^ av\oi C 


A 




fT - X*>&_ - ~Tgp . -i- _ Tc 

r e " TT " /ce ’ t 

r * A = 7 n 5” Mhn 

Xo- ItSf (75) •* 




TvJ\s\ in slvaft CD 


Jc, = f r 5 (o.oizY - zi.sra.* to' 


g - 77 //o 1 ■pd. 

Reff^'Kon a.r^)e aJ C * (p^ = 3 5 .g£S *lo 3 f*.J 

CiVcom J isp^ <».ce f Co pot 'tfs CjSA.SS 8 <X*^J C 

s r r c <p c -- r a cp 8 

£»+*.+ ,«.* d- S'- fg 1 * -JbH ( SS WS’xlo') - |07.6SHx/o S ^ 

Twts4- jn si.^ A8- 

^A8 1 f' C M r ^ (o.oio') 1 ' = \S. 10 % Xto~' Hi* Lte r Q'SOO nr, 

G? 77x|o’Ps ^ — - 2 , 1.001 * lY r«*i 

J > *® 6J (77*'O ,, )0s-.708*|o-') 


- TL . (7XS) ( o.1 *>) 


L co - o.4oo w 
r sr.«&5>f/cr s mcd. 


Po'fe^flon fld A 7 * CP^ 


138. 7 = 7.9V 




PROBLEM 3.40 


r c = 60 mm 



3.40 Solve Prob. 3.39, assuming that a change in design of the assembly resulted in 
the radius of gear B being increased to 30 mm. 

&-77SPcu j 7; • 7SN*V» 

D &+ wKi’cU 

SOLUTION 

Co.icui'a't to*'* of 

“f I 4*OTC« 

geo^. 8 ar,<J C 

P r ■ *3 — • T _ 


T - Is. T 

is ' ,CD r 6 '** 

~^Afc ~ I A r ^ Ai* Vvj 

o.o*io ) “ ^0 A^*vn 


*T“ . 0.060^ 

I CD “ 


Tw\s*f I* -sk&f-f CX) 

Jeo= f cj r f (o.OI2 'l^ 3 ?. S 72 */o' 1 ^ = O.Voo ^ 

G-n/10 ?»., r 7^75^(32. 572^0“*) * «-‘’« x/ ° 4 ^ 

Rofaf>‘on a^cjie. al C = (fco - ;?3.9 23* /o' -3 rW. 

C ircw>^fe/'e*'h , ft ^ JfspAicev^e^f *+ ct^faef poiVfe of ^e«t«^s B cund C. 

s - r c cp c ^ f B cp 6 

R of J-icm 0*3 J« «-+ B - -^<}> e * £||f U 3 .<? 2 3 ^/o' S )= 

Tioifl+ i* skctH AS 

J to - lc*s 4 - 1(0.010/ = l£.7oZX\o' rn J L <8 r 0.^0 M 

& 1 77*lo <l Pa, q^r ^ r _ 31. 001*10* 

t?c>f<x^»OMv A Cpp. r 4 - q^jg - 78 . 8 . 5 " * /0 f'o.J ~ 



PROBLEM 3.41 


SOLUTION 


3.41 Two shafts, each of | - in. diameter, are connected by the gears shown 

Knowing that G = 11 .2 * 10 6 psi and that the shaft at Fis fixed, determine the angle 
through which end A rotates when a 750 lb-in. torque is applied at A, 



Lpr f (o.S?sy - 31.0(3*10' ; G*IU»to i 'fy 


r 3££J=£5 - C }OOQ )( 8 ) 


^ FE ‘ r 0K3x|O 4 X3 L<X3*tO m *) 

it E ~ 22. < WSrlO' Z f+j 




Qo^eJ- i o \ a a' 

Jits F Lc f cJ\ ^ecor c.xf'cJc S r <Pg - IA&cPq 

Rotation at & ^ r ~ 

Tint's 4 i* sk <*.1 1 BA 

L* 5 € + $■* II in, J* A - 3i.0C3"to s .V 
r 77ft Z-a^ r C7»)C/0 


’ ~r 4> £ - ^-Ou.Wwo* ) = 3>o.uo*)o Z 




ttt - 23. 7/3*/o‘ x ^<1 


G- ~ OUxioM^'.oy^J 
(?o4^»d*A *4 A 

<p A - q? e + <# 8 - 3s.£6o#ro’ 3 4. 27.H3 */o' 3 * S*t.3l3*46* r*J( 


“ 3.12’ 






( 


D 


(i 


n 


m.' 


n 


3.41 Two shafts, each of 7 - in. diameter, are connected by the gears shown 

Knowing that G = 1 1.2 * 1 0 6 psi and that the shaft at F is fixed, determine the angle 
trough which end A rotates when a 750 lb-in. torque is applied at A. 

3.42 Solve Prob. 3.4 1 , assuming that after a design change the radius of gear B is 4 
in. and the radius of gear E is 3 in. 


PROBLEM 3.42 

SOLUTION 

C&JcoJeL-h ov\ Jr ‘faryues 

Taisi* i e*.'h'aJ fo fee 

6 £ 

P - 3*S - Tgp 

U r, 

' 7^ ^ >Q " ~1 0 So ^ 

r- S62.S 

T*hV)“ i'vs $4*44 f“E 

llo.Vf)'* 3/. 063 “/o'’ i^i ^ G‘-H.2*(o A 

(O r -I — — r /?. 93^ * /o ' 5 ^ 



\»a < 


Gr sip* 

o 4 <v 4 row aJ t 


0 1.2 * lO 4 )( 3 » 1 . 0^2 *70* s ) 

- I2.1&S *16* r U. 

I JiipJ/a.ce^e^f o/f gea^ c.\rcSi S = r £ <P £ . - /g^g 

»i 13 cp a - i <p s - | (iWSuo 1 ) «r “ 1.70 I "/O ' 5 ^ 
Twr^f .s k*4i AS 

Lja * 6 *■5’ ' //.■«., J* * 3/.0C2*/o' S in s , 

( 1 ) ^ r C7 so) OO — r 33 . 7)3 ^,'cT 3 r.J 

^ AB G-Oje Oi.a.*£> 4 )(3/.<X3 x/o ’ 3 ) 

Poi^t a* aA A (ft “ +• C? A!5 

- 9.7o/ y|0’ 5 + *3. 713 */© S - 33.419*10° 











PROBLEM 3.43 


SOLUTION 

T A0 : Tk 

T eo = T Ae r La 

Tef T £6 = Ik 


rT\ — /T\ 


- Te f^ef 


3.43 A coder F, used to record in digital form the rotation of shaft A, is connected 
to the shaft by means of the gear train shown, which consists of four gears and thwe 
solid steel shafts each of diameter d. Two of the gears have a radius r and the other 
two a radius nr. If the rotation of the coder F is prevented, determine in terms of T, 
l, G, J, and n the angle through which end A rotates. 


t.h 



% ’ <P„ * r 

■ IaAU 

n»w 

+ JaJL 
r\GJ 

= / i +1 

GJ \y) 3 n 

ft* = f 

. 12/ 
- 

W + ) 


(p. a . Ji&h*. = 

G*0" 

HI 

GI 



9* * % f 9 a s 

- T*^ 

CtvT 

J- + -L 

V ft* x 

+ 0 


SOLUTION 


PROBLEM 3.44 *.43 A coder F , used to record in digital form the rotation of shaft A, is connected 

to the shaft by means of the gear train shown, which consists of four gears and three 
solid steel shafts each of diameter d. Two of the gears have a radius r and the other 
SOLU 1 1U two a ra( jj us nr if th e rotation of the coder F is prevented, determine in terms of T, 

^ ) ' • X o /, G, J, and n the angle through which end A rotates. 

oe£ Go/ /l ioy) To yRO&LBM 3.44 For the gear train described in Prob. 3.43, determine the angle through which 
3.43 end A rotates when T = 0.75 Nm, / = 60 mm, d = 4 mm, G = 11 GPa, and n = 2. 

& = ( 1 + + ^ 

T ! 0.?r i = 0.06O C -jcf = O.OOXmj G- = 77*/o <l P*. 

■fl - 2 j J= fc 1 - f (o.OozY - ZS. 133 * lo‘ 15 






PROBLEM 3.45 


SOLUTION 


3.45 Tbe design specifications of a 2-m-long solid circular transmission shaft require 
that the angle of twist of the shaft not exceed 3 ° when a torque of 9 kN-m is applied. 
Determine the required diameter of the shaft, knowing that the shaft is made of (a) a 
steel with an allowable shearing stress of 90 MPa and a modulus of rigidity of 77 GPa, 
(b) a bronze with an allowable shearing stress of 35 MPa and a modulus of rigidity of 
42 GPa. 


<5> = 3° - Si. %lo*tcT x ( T = <7 vn? 3, fj. 


<p , IL * 

3 GvT irc'G- 

r t Zs. _ 2 ,T 
L J - ~ 


r i _ ZTL 
T T&cp 

.3. 2 T 
U “ T'E 


'• M L - 2. *1 

b<^sec) o* dt 

Wsed *sii rv«, 


(Ctl Sfe«.P "tf - 90 */O c ft*., G* - 17*10* 'ft*. 


8ose<d on 


(ZU9*7P*)(3^ -**45y/0~* h* 

T(77>'|0 , X'S*2.‘3io*75*^l 


C = HJ.06*/o m - 4/. 06 mw 


B*Sfi«J a* slie*'»n^ C? - " r 63. £62* /o’ 4, w» s 


d = 2c. r 82. / rn/>7 


C r 39.93*10 wo - 34.43 


dr 2c - 74.9 
“ 82. I 


V *A> t op d \S 4*Jte e<A J d ” 82.1 m 

(i) ®ro*7e sUf* : r - 3SV/0 4 Pa , G - 42 WO 9 Pcl 

B<*.scd -Kas+ c 4 r . “) ( 2 . 0 ^ — r vS.51^3 */o Q 

7 ^(42*IO*X#.36o*/0' s ) 


c - <17.78 */o’*w, r 47.78 


d r r 9<r.c 


Based o» slie^n^ sfres* C* * = |£3.7o2 */o' 6 

» T(3S*)0*) 


C. - .54. 7 o x / o~ wt - 84. 7o t*i 
Required 1 \ZajPoc op d is Ht 


<dr 2c - IOW 
d - 104-4 tv>m 




T- 


PROBLEM 3.46 

3.46 The design specifications of a 4-ft-long solid circular transmission shaft require 
that the angle of twist of the shaft not exceed 4° when a torque of 6 kip-in. is applied. 
Determine the required diameter of the shaft, knowing that the shaft is made of a steel 

SOLUTION 

with an allowable shearing stress of 1 2 ksi and a modulus of rigidity of 11.2 * 10 6 psl 

8«SC<4 cv\ *fwist Civile 

<? - 4'“ = <9.8/ V /O’* t*J. 4 ff = 48 in. 

T - £ - 6ooo JL> Q r }| . 5 * lo 6 pS i 

a). IL - 2TL 
Y’&r -ttGc* 

r~*t- -2XL - C 1K400®H4») n . . 

TT6? 'n(.ii.‘2x|o t ')('fe e f.S/K;o-*J ' 0 -^ 5 ,M 

c - o.c^^ ;*> 

d = 2C - 1.34 2. in. 

6 <xse<^ 

5-fj^iJ 2" - lest - IZooO psi 

v = Ik , 2T 

t T 7TC* 

,8,2 1 - .(Z)(6Q»0) _ 0 3)8a . » 

C TT£ TT(iaooo-) - U,4IX3 ,H 

C r O.C83 ivi 

d ’ *C * I.3C6 i'n. 


\?6c^iV«al is He Jf* 


e'* 


d - /. 3*^2. in. 



PROBLEM 3,47 


aiiunuiK v 

SOLUTION 

To \ooo 

Tag " ^ ( 1000 s ) = 2Soo b)* m 

For des^r L«.se<s^ on 

-for^ux. T^g - *1500 N •>*) 

V, R.2L 

c sj - ire* 

C TT* T(*o*IO^ * * 

C = ZI.SXxlO'*^ - ;?<?.** 


3.47 The design of the gear-and-shaft system shown requires that steel shafts of the 
same diameter be used for both AS and CD. It is further required that 5 60 MPa 
and that the angle <p D through which end D of shaft CD rotates not exceed 1.5°. 
Knowing that G = 77 GPa, determine the required diameter of the shafts. 



T = 1 000 N in 


400 mm 


600 mm 


- */©' 6 m 3 


d = Zc* 51.6 


Design on f 'ofa.'fi 


\Oi* u> 


J*. <p 6 - t.S° ■ 26.18 * 10 ■ 4 *J 


SKcfH- AS: T*. = XSoo KM* L= O.f 


9» * ’ 




11 7 _ V50'0)_ 

GJ W 

^ _ I OQQ 


1000 

" GvT 


d>B * <Pa 8 = 

ft" = W 


co 


TLa * 1000 K/**\ L= O.G, 


r IL - (jogs! 

TCO (VT £ki 


— 

“ GvT 


fD - fO , W) - + 60 ® - 2123. _ 3/00 

% - <Pe + Cpco - aj- + - ej- - 

, , (gK^IOol _ j &^3j o c Q - - 7y „ 6 „ |0 -t 

c T G- <p 0 -rrC77x/c? , K^8>'to‘ 3 ) ^ /7 - 0fa ID " 


C. - 31. *44 Wo M - 3/*44 ^ 

Dest mdgf 0$£ VaJut ©J 


d * 2c * 


d * 6 £. ^ mwr> 








PROBLEM 3.48 


3.48 The electric motor exerts a torque of 800 N-m on the steel shaft ABCD when 
it is rotating at constant speed. Design specifications require that the diameter of the 
shaft be uniform from A to D and that the angle of twist between A and D not exceed 
1.5°. Knowing that s 60 MPa and G = 77 GPa, determine the minimum diameter 
shaft that may be used. 



C — y(0' S rvn s T.O.HO cf = Zc = 8 ho*, 

Dest^n o*\ ** $t>/a T ‘ &* rnj 

4W - O 


fy<ve> 


- T^C. Liu. __ 45~OQ ) ( 0,6 ) _ ^QO 


GJ- 


&<r 


G-T 


ttLjA ~ Ta*Lm _ ($oo )( 0-4) _ 32.0 

“* GrvT g5= " 

dl/A - 4W 4 - qpc/e + %/> * ~ = 


- 

TT g-c* 


C 1 _ (2l(C2<^ 


02-Xtao^ 




TG< ft>4* ^C77>'/cf*)(;?6.igy<cr 3 ) 

C- ZI.OHvlo'n = 

Desi^m mosi' use V^kJoe tfp c/ 


1 9$; &0 X to V*) 


at - Zc T 43 . I Km 
c* = 4JU ^ 







PROBLEM 3.49 













P 

b 

[]\ 




3.49 The solid cylindrical rod BC is attached to the rigid lever AB and to the fixed 
support at C. The vertical force P applied at A causes a small displacement A at point 



e 


Fcxr sWcjfi A ^ 




A. 




A 






&<P A 

ZL<X 



H 


n 

j 


n 

j 


n 


PROBLEM 3.50 



3.50 and 3.51 The solid cylindrical rod BC of length L = 24 in. is attached to the 
rigid lever AB of length a = 1 5 in. and to the support at C. When a 1 00-lb force P is 
applied at A, design specifications require that the displacement of A not exceed l in. 
when a 100- lb force P is applied at A. For the material indicated determine the 
required diameter of the rod. 

3.50 Steel: r a = 15 ksi, G= 11.2 * 10* psi. 

SOLUTION 

S'" f r «L r T? z 0. 0«£7 


At Hie <xPPo»j<xk U 

f ~ 3.8226* = 0.0667/6 

T “ pa C 04 9 = Uoo)(l£) cos 3.822 6° = 1496.7 JL- 

Vw*f $ = 


ZTL 


c ' TT(M.axio‘)(o.oe67/6 ) " 3<3.6a3 */o .* 


O* .S^rCSS 


C - 0.4/$ in. 

(t*l$000 psi) 

C - o. 399 m. 

Use \/cJut -Po^ ©/es^u c-0. 349/V» d “2c =* 0.837 «V 


r 21 

J* TTC* 


C " 7T 


-¥m& * » 


3.50 and 3.51 The solid cylindrical rod BC of length L - 24 in. is attached to the 
rigid lever AB of length a = 1 5 in. and to the support at C. When a 1 00-Ib force P is 
applied at A, design specifications require that the displacement of A not exceed 1 in. 
when a 100-lb force P is applied at A. For the material indicated determine the 
required diameter of the rod. 

3.51 Aluminum: T a = 10 ksi, G = 3.9 x 10* psi. 

SOLUTION 

Af fite o-iloweXift tw s»'n <p * 0.O6CC7 

Cf - 3.S IZC ~ 0.066716 

T ~ P<xo*<f * (loo KirW* - 1496.7 -#•/« 

** fwief qp* - m. 

T ou ttg*c y 



7TG*C Y 

= ^. gg2)f/0 

TT(3.9x|O w Xo*044716 ) 

stress *£ ” a -2JT 

vl ire* 

c 3 = _ qs.2$f*io z 1 •„* 

7T( loooa ) 


r * r m 

^ 7TG9 




r s_ 2T 

^ ‘ irr 


Use \jaio*. atexiyn C - 0.5*44 t'*\ 


C - 0.544 in 

(X-loooo ^s/) 
C - 0-4^7 tH 


( 




PROBLEM 3.52 


3.52 A A- kN-m torque T is applied at end A of the composite shaft shown. Knowing 
that the modulus of rigidity is 77 GPa for the steel and 27 GPa for the aluminum, 
determine (a) the maximum shearing stress in the steel core, ( b ) the maximum shearing 
stress in the aluminum jacket, (c) the angle of twist at A . 


SOLUTION 


SUeS core- c, = ^ <* t * O.OZ7 m 54 mra ^ 

J, = = 5(0.027)“' = S 34.79*10 Steel 

a n ~ Aluminum jacket x 

G»J, - (77*u/)(m.7**/0 ) = K 

Torque car /* CeJ by S'icef core TJ = L 

t* • C, “ “ 0#<2^7iw^ C 2 “ a <^2 ” £*^^6 w 

'll -f (c«S O * iio.OU'- 0.0*1') * 1.80343"*/©** m* 

«C27*/0* )(). 80355* */0~ c ) - q.g.7© */O s W-k* 2 " 

I £> TPcjOt. ca/V'iW ty J *.U T x = 6 t S L cp/L 

TofaP +d*v«. T = T + T 4 = (.G-, J, +^0<?/i. 

4L =■ — ^ = 5’ - ^ - , = •S5'- 4o(, *7° 3 /*, 

L G-.-J, + 6H.23^o 3 + ^s.7to«to 3 

(,&) M*ytw ji~> .ske«*Mr\^ s+Tr«3S i« cbee-f cose. 

H = G,r - G.C,-^ = ( 77 x/o’X 0.027 )CiSAo6 *lo 3) 

= 73-6 xio 4 Pa. 7Z.Q HPa. 

(b) sJieArx'r^ j<ue>lccT 

G*Y = G, - (Z 7 */o")(o.ogc )(_SSAo(.>icr 3 ) 

- 34.4 *10 ■* P* 34. M MPa. 

(C) ** +v»*f 

Cp - L £ * (Z.S)(3S.4o(,*lO~ 3 ) * 2%„Sxl6 3 s~t 

= J-.07 - 


73.£ W Pit- 


34. q MPa. 



PROBLEM 3.53 


3.53 The composite shaft shown is to be twisted by applying a torque T at end A. 
Knowing that the modulus of rigidity is 77 GPa for the steel and 27 GPa for the 
aluminum, determine the largest angle through which end A may be rotated if the 
following allowable stresses are not to be exceeded r slee | = 60 MPa and r lhim ^ 1J71 45 

MPa. 


SOLUTION 


- G Ku* 

tfU _ _£ 

L " G 


Gr Cmax ^ 


<2.<5 kcX, )^cjf e«Ai <x.f 


54 mm 

Steel core 
Aluminum jacket 



i 

Sf-eei tat - €0*10* P* J O.OZ7 „ j G - 7 7«IO n P+ 

(pat _ co/10 4 


L (77* /o‘ t )(o.02i) 


-r Z%.%0>O*[o' 


r <J»-' j * t*H - y / O ft*. ^ " j[<si 5 O* 03€ j O' = tl *iO Pc, 

(&» , 4S , y|p ft . 

i- ‘ 




5 \joJaz cjojesns 

AftovJ a* 3 i>e o-f +«.'»+ 


4U _ 


= Z&.S&ox/o^ 


L 


rfjt = L ^ i 
= 72.\S*to % >r~A - 4 . 13 ° 
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PROBLEM 3.54 


3.54 The composite shaft shown consists of a 0.2-in.-thick brass jacket (G = 5.6 * 

10 6 psi) bonded to a 1.2-in. -diameter steel core (G = 1 1 .2 * 10 6 psi). Knowing that 
/\t the shaft is subjected to 5-kip-in. torques, determine (a) the maximum shearing stress 
in the brass jacket, (ft) the maximum shearing stress in the steel core, (c) the angle of 
y twist of end B relative to end A. 


Brass jacket 


SOLUTION 

SI" cone.- C, - *jfei - O.Q «* 


J-, = i-c,’ . 1 (o.C.)' -- 0.?OS5-7 S 

t ^ Steel core _ ... . 

0.2 in. G,<T, “ (H.2 ^IO fc X6.20S5*7ri *• 2.2.200*10 Jo* In 

To^jc ky s+e<Vcor-e 

c a “ c # -f t - o.c + 0,2 = s 
J 3 = f (c^-c/') - 1(0.2"- 0.6 *) = o.ni&zz ;** 

GiJ» =■ (£.« w/o‘Xo.*t3»f823) - 2.^63* x/i3‘ 

To^fJt. c.a.s/-:e.J Jy brtass Ja.c4<e$- T* = 

Tofoi T = T, 4 7z r (G,T, + 

cP 1 *5 * /O 3 -5 . 

L G,J, +G* A J a “ ?.2fcoo>c/C> 4 4. 2.962s*/0 4 ~ , * 05 ' 4 ^ y/O ^ ,H 

(Ct'i .sfrcss ;'n b^ass jtekeJ' 

r** » Qt'C. r = (• s:e>*io‘-)(o.2Xi.wz*io ‘ i ) 

r 4.72 *JO* ps. 4.72 k St* 

(b^ M*-virwO* sl»ect^r\ej ,s4‘» r *SS >n Co^t 

2^* - G.'C, = G,c,&*(ll.2*io*)(oXKi.asHi.*io~ 3 ) 

- 7. OS */o 3 ^81 7.02 tel — • 

(C) Awjfc o£ •fwis'f ( L * ■= 72 /’* ^ 

<p = l^:(73)(l.W2i«/0’') - 7 S.9'IO~* r*cf 

- 4.35** 


4.72 tei* 


1.02 tei 



PROBLEM 3.55 


& 


- Brass jacket 


s Steel core 


3.55 The composite shaft shown is to be twisted by applying the torques shown. 
Knowing that the modulus of rigidity is 11. 2 * 1 0 6 psi for the steel and 5.6 * 1 0 6 psi 
for the brass, determine the largest angle of twist of end B relative to end A if the 
following allowable stresses are not to be exceeded = 1 5 ksi and = g ksi. 

SOLUTION 

= G-Cw-jif 

L 


S Vee/? core* 'ttM - IS kst “ ISOOOp*i J C*-* = - O.G> i*» 

= z.zz Z\*lo~ % 

L (ii .2x/o‘)(o.6) 

8rw.ss j : l-cJU- % k»i‘ - 8000 psi } C^t - 0.6+0.2 ~ 0-8 i> 


Cp*n _ go OO 

L ' (.S.6x/o t Xo-8) 

SnicJJe.s vdoe <jov/e^>s 
L - Sft ^ n 't*\ 


- l.ltSj *lO~* r*J//n 

= i^a^x/o' 4 

L 


- 7 . 37 ° 





PROBLEM 3.56 


SOLUTION 


3.56 Two solid steel shafts are fitted with flanges which are then connected by fitted 
bolts so that there is no relative rotation between the flanges. Knowing that G-77 
GPa, determine the maximum shearing stress in each shaft when a 500 N*m torque is 
applied to flange B. 



■Staff A 8 

T= T; S) 0.6^, £=*«!=• O.OISV " T JsSfc l 

■T* = f Ko-OiS)'* = 71.52 xio' 1 r." 

_ Tus L ax ^X 30 ”? .vxi n' ,, 

% & 51 . 

4 . ® 900 mm 

-r- _ GiftJ.S ^ _ (77*lo , ')(74.52>'IO ta A / 

T * ' uT • 51 ^ I K 

- lO.gQfxfcf <$3 600 mm 

Sh<t« CO 

T - T«o y L„rO,l) Wj c 0.0/3*^ f c'r I(o.oisy 

r I £*#•. * IO~^ hi ^ 

T - ^co Jeo /•/) _ (t? I *lO ^ 3 y, 

^ Leo = /Og */0 <Pc 

McJ’C/lvi’w^ V\r|‘d'i out o/f •f’Ae Wdngts (p 6 - “ <p 

TokjP for rt o« fAn}«» T-- T M vT eo — S^O bj - 

Soo = ( 10 . 20 s *lo i * IH.IOiHO* ) q> ••• f - 50.565 x;o J r*d 

T A8 = (/o.2o5Wo s X2o.SS5 */o' 5 ) - ?o?. 87 W-m 

7eo - (14- |0 8x<q i )( 20.565 » (o'* ) - 390.13 W- *, 

sfv-eas in AS 

= 31.51 */0 4 P«. 34. S' Hfit 

In. S2^lO ^ 




39. C HPk 


M^iwvum <skes»/**^ sir*** i* CD 

"tL - Ik£- r U4P.13 - ) (O.OI81 _ 3, .67x/O t Pa 

.£, 164.816 xj 0 -9 


3/.? MPa. 



PROBLEM 3.57 


SOLUTION 

SWf'+ As 
T - L= 0. 6 m j c = ^ d T O.oir^ 

Jab = - | '(o.Oi$’') H - 77.52 ** 


3.57 and 3.58 Two solid steel shafts are fitted with flanges which are then connected 
by bolts as shown. The bolts are slightly undersized and permit a 1 .5 "rotation of one 
flange with respect to the other before the flanges begin to rotate as a single unit. 
Knowing that G = 77 GPa, determine the maximum shearing stress in each shaft when 
a 500 N-m torque T is applied to the flange indicated. 

3.57 The torque T is applied to flange B. 


rt) - ~Faq 
‘ 6** Tm, 


T - <D (77 *lo‘ l )(7‘?.SZ>‘lo’') 

'*« * i - — ■ x / - ~ 





L '« - 0.6 

- lo.loSxio 1 

SV*Fr CD 

T = To, l^so.9.*^ c = i.ol = O.OI8 rrtj -Jc 14 * ^■( 0 . 013 )'’' 

J eo r I £4. 876 X /£>-’ 


X 


_ &GO vT< 


Co 


sd!k (fi - i?7v 7 0^ )0^.riC ^ . W-)ogl<to s 

Lcd O. *} C 


CDec<rc\*tx ro^A^ioM 3 Cp e r ).S"° - -26. IXx/o * 

Torque fc? re.»vitf»/c cJ/eaftihce. ; 7^ - O^O-S’V/o ^ - 267, H KJ-to 

ToT^y? T 1 * 4*0 C««JJe tfcjjitw ^ ro4’«,4’i«w cp t "J" ^ = Soo - % 7.17 - Z32. 83 W- 


T" - T*a + Tj; 


,232.83 = (/O.loSxlO 3 4- 14.(08 x|o & )<p' <p"- 7Sl<8S*ld r~l 

T* ft " - (lo.ZoSxIo'X^&t? *10'*} r 97.73 N-* 

T eo " - (IM. logx/o* )(^.S76r>/o“* ) * I35. 10 M- m 

M e.* ! w Otn s/ie«^i7i^ s ires* I* AB 

r«a = t ( 247J7 >97. 73^(0, OiTj^ SS.SHPa - 

l c [.S%y\o * 

M Q.yi'w^ 5fr«S5 »w CD 

V Tco C (lS^./o)(aoi3) .6 p vllVMO ^ 

^ * ±" * /64.8ft ' ' 4 - 75 W ° P< " -* 






PROBLEM 3.58 


SOLUTION 


smM as 

T^Tabj r o. 6 ^ ^ o.oir 

Jj*- ic 1 *- |(6.oi?y -7?.5'2>'/ 0 -‘’ w, v 

dl r 3isii« 

™ G«Ta. 

J ; y^ $ . ('77y|o <, j(71.5~3x/o ^ ) , 

*® L« 0. 6 

= lo.ZoSxio' 1 <?. 


3.57 aad 3.58 Two solid steel shafts are fitted with flanges which are then connected 
by bolts as shown. The bohs are slightly undersized and permit a l .5°rotation of one 
flange with respect to the other before the flanges begin to rotate as a single unit. 
Knowing that G - 77 GPa, determine the maximum shearing stress in each shaft when 
a 500 N*m torque T is applied to the flange indicated. 

3.58 The torque T is applied to flange C. 


30 mm hO 


T = 500 \ 



600 mm 


SUf+ CD 

I = 1 Co j C = = 0.01$ Kn ^ Jco = - J(o.Ol3) y 

Jc D * 3 %*/©“* 

T„. a . <ft 

Cf&ar*f\ce rof^’oH •f®'* fJ«r\y€ C cp,/® /. S ° - 

Toryoe- h> re/vio/e - (.HJo? *(6 * ) - 3^.35 

TowjvcT* lo ow se T W - Soo-Sd.s^ ~ 130.65 

T - Tie + T^. 0 

130. GS - (/ 0.205- */o 3 4- )<p" (f u * 5.3737 tlcT* y*J 

T* = (logos'* /0 3 Xs\y?37> /o’ 4 ) “ ^4.89 A/* wi 

TcJ‘ T O t UoS*/o*X>5’.373? 1 ' /o*') * 73-. Si w. ^ 


S’fr^ss in AB 

■K. r !«£. r C5^.84Y O. 0 / 5 ) _ « p 

^ -J.* rt.n-io-1 '0-3HX/0 p* 


10.34 MP<x 


sKee«"X"<r*«j sfvess m CD 
^ _ XpC- _ (3C1-2S -t 7S'.8l)(o.o<8) _ 


«4.E c I 6 xlo'** 


48.6x/o‘ P« = 48.6 MPa. 



PROBLEM 3.59 


3.59 At a time when rotation is prevented at the lower end of each shaft, a 50-N-m 
torque is applied to end A of shaft AB. Knowing that G - 77 GPa for both shafts, 
determine (a) the maximum shearing stress in shaft CD , (b) the angle of rotation at A, 



n 


n 


"1 

-wJ 

n 



0 . 77 ^ 








PROBLEM 3.60 


r- 40 mm 


3.59 At a time when rotation is prevented at the lower end of each shaft, a 50-N*m 
torque is applied to end A of shaft AB. Knowing that G = 77 GPa for both shafts, 
determine (a) the maximum shearing stress in shaft CD, ( b ) the angle of rotation at A. 

3.60 Solve Prob. 3.59, assuming that the 50-N-m torque is applied to end C of shaft 
CD. 


r = 60 mm 


ISmrnJl 12m -2L 


200 mm 


SOLUTION 

Lft-*h "T"c “ <u.ppiieJ cA C 

T co c CD 

Tift - AS 

S+ccVtcs . 


r,r = o 


So N/* *\ 


T c -T co -r c F=o i 

s. 

T Aa - ^ ( T c - -O ' - T “ S) Gear A 

K.v j r A <p, - r t <? c <fc ’ §• <P* 


vV> 




G-fifti/" C 


Antj-Zes of +w>st (fi. - r " 2 '' J 

Teo _ 3 . - -S. ~F —Ten 
GO*, ‘ * » &vTa6 

(fe + 4*) + 4 ) Tc » = H Tc 

T = (3.479c X = (0. 4774 )(«>') r ^3.78 W- ^ 

-r _ |-(S '<3 - ^S. 9 S) =• 37.03 

®W ^ 

(ert M**t*ww» s'lve^s i*i sta'H CD 

V r !<&$.., - - 7 c>^7 y(cf P<k - 70.7 MPcc -** 

° sT ire* “ t to.oozy* 

0A A r\*j6e of* 'To-ta^ i©* *t A 

(D - IkJz - (gY3?.QSXo.2ogl = 20.371*10* 

™ GT/w ’ TTGc^ “ TT(77^o <, Xo.oo75) 4 

^ L I G7 


- 7***- - -£ (T - ~fco)L^ 

“ J "« ■ "i " x* T - 


G-Ti% 


t ©d = f e 


6-vUe 
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PROBLEM 3.61 


3.61 The steel jacket CD has been attached to the 40-mm-diameter steel shaft AE by 
means of rigid flanges welded to the jacket and to the rod. The outer diameter of the 
jacket is 80 mm and its wall thickness is 4 mm. If 500-N*m torques are applied as 
shown, determine the maximum shearing stress in the jacket. 

SOLUTION 

So iff el skiStf'f* C - - 0.02.0 v* 

J* = r f(o.02C>) H 251 . 33 v/o'' 1 vV 

JaeW : C z ~- - 0. OHO no 
C, - C 2 - t - 0.O4O -O.OOH * O.OS6 ho 
jj - f(c 2 4 -c, 4 )" f ( 0 . 040 *- O.036 14 V 1.32*9 x/o 4 ^ 4 



Tor^e ty 5^*4+- Tj - & <5>/L 

Tori*;* c At-rteJ Ly J&.C'kd" 7^ = 

To+^ 4-o^o 4 T --Ts+Tj = (s&4 Jjj&cp/c 

7 - - -Ir T r ().i&a.qvlo~ t ')(.S'oo s > 

J Js+Ox 1.3827 */o‘‘ + 2 S 7.33 *10 * 


Off r . ..T— 

L J^+Jj 
^23. 1 U-m 


H 


S'tv'ess 1V1 ja.cke .1 


a^ti ske»^i 

^ * tf.Z'fv/o^Pa. 12.27 MPc. 


r. 


x/ 0 -* 


PROBLEM 3. 

V 


62 


3.62 The mass moment of inertia of a gear is to be determined experimentally by 
using a torsional pendulum consisting of a 6-ft steel wire. Knowing that G = 11 .2 * 

1 0 6 psi, determine the diameter of the wire for which the torsional spring constant will 
be 4.27 lb-ft/rad. 



SOLUTION 


Toreio* s c*ws4A*t K “ 4.27 A- WA'aJ - 3*1.24 A*i'h 

iz-r X _ J! — - JtL . ir 6 c M 

* cp * Tt/W " L ' Tl 

C 1 *- _ 207.7 x/o‘‘ 

T G ir Of. 2 x/o 6 ) 


c = O./203 i*. 


si *2c = o.zv/ 





3.63 A solid shaft and a hollow shaft are made of the same material and are of the 
same weight and length. Denoting by n the ratio c,/c 2 , show that the ratio TJT h of the 
^ torque T, in the solid shaft to the torque T h in the hollow shaft is (a) 

f \ f 2 y[\ - n 2 / (1 + n 1 ) if the maximum shearing stress is the same in each shaft, (7>)(1 - 

l l ?sJ J n 2 )/!! + w 2 ) if the angle of twist is the same for each shaft. 

SOLUTION 

GCfOui u/€i^k+ j Lk*. 6t/-€ \J*.i 

TTCo L = TicS-C?)-- TCiO-h*) •• C 0 = Ct-Jt-n'- 
J s = fc.l X s f(Ci - c*) = n 1 ') 

(cl) F^v e.cjO<iJ s4v-€$sts 
rS — T$£o _ Tx C-1. 

Ik - JL£i = gc/Vl-y^c, _ l-n*- _ -VT^ 

Th — Jv, c 0 |c i *(i_^‘')c t .ViT^L (i+h 2 )VT^ ' /+»*■ 

(b^ Fo\A d "Knsi 

cP - - 31 k 

J G <Js GrvTw 


VT^T* 

/ -f n 2 - 


Ik . i . ?c/0-^) x _ 
T h "* - Ttc L '0-»") 


0 -^ - 
l - 


i- n* 
l + n l 


PROBLEM 



SOLUTION 


3.64 A torque T is applied as shown to a solid tapered shaft AB. Show by 
integration that the angle of twist at A is 

1TL 

a 12 JtGc* 



X«vh r 'oJo££ coo/d \v\dt ' 
TV <‘5^ Jy 

- a* 


^nOW>v. 


- ^-T L* 1 aty 

' T&c? y 


^ _ r 2L gxi ^ _ 2 tl r 2L it. 

? ‘ V tt&c 1 ' y Tts-e 5 * \ y“ 

_ 2tl! c i ’ r . 

~ ttGcA l 3 y s ^ t - -tT&cV 

- 2Tl v f 7 7 _ 7 TL 

TlGci (JML 3 ] ~ IX-nG-C 


21 k 

tFg? 


*•*.* + 34 » 


_ jmi 

77 Gc* 


TL _ 
rrGc v 


i 



PROBLEM 3.65 


SOLUTION 


3.65 An annular plate of thickness t and modulus of rigidity G is used to connect 
shaft AB of radius r, to tube CD of inner radius r 2 . Knowing that a torque T is applied 
to end A of shaft AB and that end D of tube CD is fixed, (a) determine the magnitude 
and location of the maximum shearing stress in the annular plate, ( b ) show that the 
angle through which end B of the shaft rotates with respect to end C of the tube is 


<Pb/c * 


tt 



Use. o~ ■iVet \ootA\j co^s i's'H nej 
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-Pen«i*Wi ^ 
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V 

T M - o \ 

'tt (aTT^'iyo - T = o 

(<x) Maxi -srfircss occws at yo= T, 

SkeaK*. » 3 sfr^UM T = 
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r 

r _L ±1 

4*Gt 

X, 2 r 2 \ 
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\ 

t 

/stt 
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*** 2irtr,*- 


0) 



^ ^77&t A = i « list 


\ 


T 


2¥Gfc 


■{ av + ar,^ * Hir&t [4 ~ »[*] 



PROBLEM 3.66 


SOLUTION 

Sh^cH- AS 

L JT 7TC 3 


3.66 An annular aluminum plate (G = 27 GPa), of thickness t = 6 mm, is used to 
connect the aluminum shaft AB, of length L x = 90 mm and radius r, = 30 mm, to the 
aluminum tube CD, of length L 2 = 150 mm, inner radius r 2 = 75 mm and 4 mm 
thickness. Knowing that a 2500-N-m torque T is applied to end A of shaft AB and that 
end D of tube CD is fixed, determine (a) the maximum shearing stress in the shaft- 
plate-tube system, (b) the angle through which end A rotates. (Hint; Use the formula 
derived in Prob. 3.65 to solve part b.) 


XT 

TTVV 


^ <&&SQ°y = 53 ^*io c f 

7 T( O.OSQ ) 3 

58 .9 MPa 

PiU-e BC. (See PPoeLfM 3.65 ^ J es\ \/cA i flw ) 

T _ ZSoo 


r = 


— = 73.7 x /O 4, ft 



Xirtr, 1 -' 

7S.7 Mffe. 

SUf+CD c, = r t = 0.075" <:*.=■ Q+t = 0 . 075 + 0.004 = 0.07*? * 

JT * £,*) = f(<5. 077’- 0.075'') - 

f - I^s- r (^500 1(0-071 1- - |7. = 17.^0 HPa. 

j" n.m*io- c 

(oJ Lfc^esl - ^■V'rei's 2T = 73-7 MPk, 

eL.-H-Ao m = T ; L» _ ^TLas (7)(X5»o')(0.0‘to) 

5un A "gj “ tt (5* C* 1 ~ V:(zixio" , )Co.oZo^ 

- ^SSMto'* r*/ 

Pi>«fe 6C ( See P(?o6U-M 3.65 'j 

(D - T C i I 0 _ 25oo f ) ! 7 

^ 6£ “ nGt l 'C, 1 Vl ' ‘HrCvxio'Xo.oot.'ilo.oso 1 - o.o 75 2 j 


4 6 *|o~ a 


S>»J : + CO 


4>. 


CD 


= TU, _ USoqY_o-ISo\ r 

G-X (27*70* )(IJ. H*Z*tO' 6 ) 


'To’t'eJ? Y'ekd'io*' Cp - + C$j<. + 

= 0.570° 



PROBLEM 3.67 


3.67 Using an allowable stress of 55 MPa, design a solid steel shall to transmit 10 
kW at a frequency of 1 5 Hz. 


SOLUTION 


= SSylo* Pa 

- _ loxicr 


~T~ ■ 

1 ~ rii f ^ 

^ ^ Tc = 2X 

u or -rre* 


-3 


C - 1 0.7/ x/o ^ 


P = )0 wo* w J 


<r 


- 21 - 


* /o.7l mm 


= 15* *-k 


c* - 2c = 


L 22S) * lo _t 

2M 


PROBLEM 3.68 
SOLUTION 


3.68 Using an allowable stress of 5 ksi, design a solid steel shaft to transmit - hp at 
a speed of 1 725 rpm. 


T*// r 

Sksi = 

£ooo ptl 

f - 

1725* 

£o 

= 2S.75" 

r * 

ISt s 

2T . 

y» 

J 

7TC* " 

c •* 

0.1326" /n 


1>* i Hp - £(6^00^ - 3300 ik.in/s 

Hl t = £t ' '*- 2S8 ^ 

c * " S " J $gg§r9- - *-* lco ^ ' 4 

d = - oass- ;* 


in 


PROBLEM 3.69 
SOLUTION 


^ - 750o pa. P = 

loo H 

f » ZO Hz 

6° 

T 

-r - Tc _ ZT ■ 

T ' T” ■ Tfe» * 

C 3 =■ : 

C - 0.7<® 3^ m 



3.69 Design a solid steel shaft to transmit 100 hp at a speed of 1200 rpm, if the 
maximum shearing stress is not to exceed 7500 psi. 


X * - S. ZS2. 1 xio 5 Ji-i* 

1 *r\ p 27 T ( 2o } 
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PROBLEM 3.70 


3.70 Design a solid steel shaft to transmit 0.375 kW at a frequency of 29 Hz, if the 
shearing stress in the shaft is not to exceed 35 MPa 


SOLUTION 

21// - 3 g*lo c P A V = “V 

^7l • 

Yc. #t~ . - 3 

” * 7TC* " 


T « 

t-- 


_£*- = 
iTlf 


f = A/z 

M • vw 


C 3 = 


-s 


C - 3. hn - 


7rr 

3.3^5* 


7T(33‘x'/o fe i 

oJ - ?C “ 


= 3?AZ^ld^^ z 


G.G^ 







PROBLEM 3.71 


SOLUTION 


3.71 A hollow shaft is to transmit 250 kW at a frequency of 30 Hz. Knowing that 
the shearing stress must not exceed 50 MPa, design a shaft for which the ratio of the 
inner diameter to the outer diameter is 0.75. 


Xat - So Pa. p - ZS'O v to? W P = 3o H-l 


-r_ I s _ 2 S~o x IQ* 

2Tf ' (3°) 


I32&.3 W-m 
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-y » T.Si - ...IT „ 

J* UOT38 C 2 * 


C* - 


C 2 * = ZH.lo xio ' c ^ 

C t = a*?. - tf.l 2 


X _ 133- 6*3 

t.oiSS ^ ~ (1.0738 ) (To *70 fe ) 


d 2 “ - JT8.2. 


PROBLEM 3.72 


SOLUTION 


8 in 

C, “ ^ iJ, - *f |V» 


3. 72 One of two hollow drive shafts of an ocean liner is 1 25 ft long, and its outer and 
inner diameters are 1 6 in. and 8 in., respectively. The shaft is made of a steel for which 
- 8500 psi and G = 1 1 .2 x 10 6 psi. Knowing that the maximum speed of rotation 
of the shaft is 165 rpm, determine (a) the maximum power that can be transmitted by 
the one shaft to its propeller, ( b ) the corresponding angle of twist of the shaft. 


J r -O' fdO*)- eosi.s ,V 


T = ~ L6°3l>&X%SoO) _ q ‘taga-tio 1 ’ M-i» 
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■F * f = T.1 S Ut. 
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Ll0.7<*>rfe 6 s L 

iTO aT r ,£ ' 78 ^ 

L - *25" ■Pf * ISoo )** 

W <P~- ^ = O.mS 

^ G J (ll.Zxto^X&ozi.zj 

= 8. IS° 



PROBLEM 3.73 


3.73 While a steel shaft of the cross section shown rotates at 120 rpm, a 
stroboscopic measurement indicates that the angle of twist is 2° in a 4-m length. Using 
G = 77 GPa, determine the power being transmitted. 



SOLUTION 

Twisf cp 's 2 ° - * /o ' 3 

C, - i cl, - 0.0 IS m j = 0.0 37$ m 

J « f (C - C t ' 'l “ 5 ( O.OS7S- 41 - 0,01$* ) 

J = 3.oa&g * /6 _c L = 4m 


, TL _ &J <j> (~n*tQ‘'\%. 02 .Ci */Q~‘ >( 3 ^ *>07 ^ 0 *) 

^ gt 1 * l ^ 

T ■= Z.°'i 2 'H*lo -f ? - Z Hz 




PROBLEM 3.74 


w> - 25.6 </p* V-. 2 SU kW 


3.74 Determine the required thickness of the 50-mm tubular shaft of Example 3.07, 
if it is to transmit the same power while rotating at a frequency of HO H z* 


SOLUTION 

fro* Exempli 3.07 P - lOO kW - /0O * JO* W 

MPa. r Co */o* Pa. C 2 “ -jd « 0. DZ5* ^ 

(yiVe^ "F “ 4-D W 2. 


P_ _ lb o*IG % _ 

T " 2 rrf alF< 4 oV~ 

J= W-c?) 


3*7.%* N- m 

Tc a _Tb^ 

J" “ %<C/-C,«) 



a * 2Te». _ 

~ W70 

23 J I */0’ s to 


0.02S 

t 


(Sl)(Z o l7-8 c i)C0-O^') _ 

Tl (60 k/0‘ 7 

= ‘Cj - C, - X (O' 


r ^ - r H - ^Tca. 

c ' ’ T5T 

22S.02I xio* 



PROBLEM 3.75 




3. 75 The design of a machine element calls for a 1 .5-in.-outer-diameter shaft to 
transmit 60 hp. ( a ) If the speed of rotation is 720 rpm, determine the maximum 
shearing stress in shaft a. ( b ) If the speed of rotation can be increased 50% to 1080 
rpm, determine the largest inner diameter of shaft b for which the maximum shearing 
stress will be the same in each shaft. 


SOLUTION 


P = GO hp = (GO)(C£oc>) - X I O 3 A- i«/s 

f = ^ Wz. C = 0.7 

T = rAr- - - 5.1SZI vio* $1. i* 

1 2TVf ^71(12') 


2TVf 


<0 f = ^ r 5 r 7.<?256*l0* ps* 

sT TTC* TTCo.75) 3 ' 


7.93 Vs.' 


(U T = M 


C z = 3 " “ 0 . 75“ |V| 


t=* 


7^ — ^ ~ 

L “ J 




C.% c;- O.TS'- ^0^0 g 0JOSttl ;S 

1 2 IT (7.9£S& */o* } 


C| - 0 . 50^*1 i* 


d, - 2c, - L wo 


PROBLEM 3.76 



3.76 A steel pipe of 60-mm outer diameter is to be used to transmit a torque of 350 
N*m without exceeding an allowable shearing stress of 12 MPa. A series of 60-mm- 
outer-diameter pipes is available for use. Knowing that the wall thickness of the 
available pipes varies from 4 mm to 10 mm in 2-mm increments, choose the lightest 
pipe that can be used. 


SOLUTION 


Tji - GO xio*" Vcl C 1 = - 0.080 * 

_ T c.> _ 2 T Ci 

L ' J ‘ -nCc^-c,") 


c," - -- 0 . 030 -- &X 3 SOHO.O 3 02 = 2S7 ^ wo - 

IT(^OX/0 6 ) 


C, r 22.43 v/o* 


£ = C z -c, r 3 ^ 2 — 72. 93 Mtvj *5 7.^7 


size t - % n\ 



PROBLEM 3.77 

SOLUTION 


3.77 A steel drive shaft is 6 ft long and its outer and inner diameters are respectively 
equal to 2.25 in. and 1.75 in. (a) Knowing that the shaft transmits 240 hp while 
rotating at 1 800 rpm, determine the maximum shearing stress, (b) Using G = 1 1 .2 x 

10 psi, determine the corresponding angle of twist of the shaft. 


C, = i«/, » O.ZIS^J C-, - = L- = 72 m 

P - 2.HO kp = (240)(6SOO'> - A-/i/* 

f ^ H*. 

T - jr?jr - - 2.4-03+ M. 

S.TT (3o) 

J = fC c /- c, 7 ) = QQ.ns''- o.sjf) - i:s<fS3o to 

^ -T = = (%. l i°$'t*t°‘YulZS') 


vT 


l.£T1S3° 


= pv 


/, \ wi — (ff.4o34Wo 3 *)(72 ) -j 

^ " S-^T ' ( IIA^lo^X 1 -^ 3~3 o) * 3Z.&SX/0 - I.W 


PROBLEM 3.78 
SOLUTION 


3.78 Knowing that the allowable shearing stress of the steel to be used is 7500 psi, 
determine (a) the smallest permissible diameter of a shaft which must transmit 15 hp 
while rotating at 2000 rpm, ( b ) the corresponding angle of twist in a 4-fl length of the 
shaft (G= 11.2 x 1 0 6 psi). 


rU - 7 500 pv j f = 2£$2. - 33. 333 m* 

P- IShp * OS)(Uoo) - 11 * 10 * 


T - 


4<?x/c? 


- 472 . 54 it-i. 


2T\f ~ ^TT(33.333J 

7a 'I -r - . r 3 _ 22T _ HX02&J21 

X 7Tr3 " ~ TT'K T (73-00 7 


= ‘iO.lT.’i */o~* 


c. - O.SWJT »* 


d 


3 c 




in . 


ft>5 


J" = - -j (o.34Js-) y " 2/.576*7o' s 

L - 4ft- - +2 


9 


_ TL_ (47 

G-vT ~(|i. 2 yio t )( 2 i.S 76 * 7 cr 3 


43.84 y/o ‘ 3 r&V 


- 5: 32° 



PROBLEM 3.79 


150 mm 


150 mm 



60 mm 


3. 79 Three shafts and four gears are used to form a gear train which will transmit 7.5 
kW from the motor at A to a machine tool at F. (Bearing for the shafts are omitted in 
the sketch.) Knowing that the frequency of the motor is 30 Hz and that the allowable 
stress for each shaft is 60 MPa, determine the required diameter of each shaft. 

SOLUTION 

? = i.s kw = 7.s*td iv 

tjut' 60 MP* = 


£»a -■ 30 «*■ 


_ p _ l.S X to 3 

'to* 27 2-n(so') 

rS - TCac. 2.T 
r '■ 


T 3 d ?. 1W 

r a _ %J- 
Trr 


t l.SO*l£>* 'rn ~ 7. STD ‘^•v> 
c/fttj ~ C ££ ™ I 5”. *vi 


CD: 


CO 


T, 


60 


“ £L r 
' r c ' 


_E 

7.S*IO* 

Stllft® 


Tc^ 2.T 

- -*<Z 

• . Ccc* = 


r kl- ** 


-3 


) 0 . 18 *lO“ *> - lo.lS n* 

SUlt- EF ■ 


J CD = SCcc r 


T eF 

7T « 

C«- 


- -§£<>'> r 4 - 8 ^ 


t e " 


I'/s.rs w-»v, 


- P - 1~L y <Q * 

C e ? =• = ;?. 6 SS 6 *,o“ m » 

T &© */0‘ ) 


Teg* . ar 

j;, ' TTCer 3 

-t 


TC« 

%. 8%vfO a< » 


^ep- " 


27. £ 



PROBLEM 3.80 


150 mm 


150 mm 


3.80 Three shafts and four gears are used to form a gear train which will transmit 
power from the motor at A to a machine tool at F. (Bearing for the shafts are omitted 
in the sketch.) The diameter of each shaft is as follows: d AB - 16 mm, d CD = 20 mm, 
d eF = 28 mm. Knowing that the frequency of the motor is 24 Hz and that the allowable 
shearing stress for each shaft is 75 MPa, determine the maximum power that can be 
transmitted. 


SOLUTION 




24 P* 


'tlw “ IS MPa. ^ 75* * lo 4 ffc. 

60 mm 

60 mm $h A."P "1" AH • JL ^A8 ~ 0 * 00 8 W 

r = ^ 1 

r Jj)PS ^ * TCfc 

1 TL, = I c« • J (O.0o8?(75*/o‘) - 60.3/1 A/-, 

f» a = 24 Pz ^=2.7^ «T»= 2 ir (3«<X6o. , ai‘») 

- C J. IO x /O 4 TV 

SWT CD ' C co = i;al £0 - (5.010 r* 

£ = -- | (o.oiofC/i-wo*) - in.*/ w-<* 

- *u w* 

Puf = - i?TrO.CXll7.8 0 - 7.//*/o 3 W 

SWT Ef~ : c sp = % d £F - 0.014 i*' 

tl« - ^(o.O/'ff (TTWO 4 ) - 3Z 3.27 N-»» 

- -J « 7f§-^' 4) r *** Hl 

?U, r 5,TrP E p“U - ZJT (3.S^)(2,i3.Z7) * 7. SO x l 0 S W 

MmiBOM cJPo^oJaJe. p owfcv 1 is 4 -Im s ***JJef 

- 7 .//x/o 4 V- = 7.11 W -• 


3Z3.27 N-»» 




Sf«tf 1C* : 



3.81 The shaft-disk-belt arrangement shown is used to transmit 3 hp from point A 
to point D. (a) Using an allowable shearing stress of 9500 psi, determine the required 
speed of shaft AB. (b) Solve part a, assuming that the diameters of shafts AB and CD 
are respectively 0.75 in. and 0.625 in. 

SOLUTION 

- qsoo p$; j P- 3i>p - (sXuoo ) - 

y - Tc - 2T 

r “ TTC* 1 ^ ° ^ 

^ sh«t4H 

;*J Tm f(£ ffcoo) . <+55.4 A-/V, 

C -- # X* " f(Koo ) - 786. 4 A- in 


t b - r. ( f; - T c = 


T r re T - 
8 IT ‘c ‘ 


_ L ns~ 




X * o.ari; 


(GO Tj^ur “ 4SS. *{ jfbt* j Tcj+t/ = 

AsStihnd f c - 786.4 A-m. Tly* T a - (O.Xr)^786.°l ) - 116.^73 Ji.iv, 


p = Xirf 


T -JE- 

T/ *6 277 7 b 


148c© 


2.17(176.73^ 


^ 455". 4 it in C=fe^y ) 
16.0? Hz 


(ti PJtoutAft +o'f^oe& IftjA'W r 786.4 A- in 7^*4> ~ 455. 4 76- i*. 

Assone T c - 455.4 Am Hen 7; -(fo>.9s-)C455.4) r 113.85 it. in 

< 786-4 A- in 


f An ‘ o-r-r- 


hSoo 


** ~ ^TFTq ~ ^7T6/3.&5-3 


P=2irPT 


27.7 Hz 


PROBLEM 3.82 


3.82 A steel shaft must transmit 1 50 kW at a speed of 360 rpm. Knowing that G 
= 77 GPa, design a solid shaft so that the maximum stress will not exceed 50 MPa and 
the angle of twist in a 2.5-m length will not exceed 3 


SOLUTION 


P = i£0»IO i - 6 Pz 


T * 




ISQXIO* 


- 3.9789 fJ-rwi 


De 

Sl '3" 

4-o y 



-e * 

*50 M ?*. = £“0*/0‘ “Pci 


t - 

Ic 

J 

_ 2T 

' irc J 


2T 

irr 

C5U3. e ?7S9x/O a ') __ ^ 
TT(SO*/O f -j ^ 





C - 

37.00 

*/o 3 

Dfi: 

s '3" 



o'? 'f “AS f 


Cp - 3“ r ^2.34 *^o' 



TL 

- 2TL 

r 1- 

- ZHr 

(2)t%.'W8.‘1x[a i )/?.$') . 


cp - 


7TG-C 

H C ' 

’ TIG? 

7T('77W0 , )(^.36x/0- i U 





C - 

SS. “to* /o~V 

Use 


K/eJIoe. 

C: 37.i 

, -3 

0o*/O 

Ivi - 37.0 w«vi j o| " = 




PROBLEM 3.83 
SOLUTION 


3.83 A steel shaft of 1 .5-m length and 48-mm diameter is to be used to transmit 36 
kW between a motor and a machine tool. Knowing that G =77 GPa, determine the 
lowest speed of rotation of the shaft at which the maximum stress will not exceed 60 
MPa and the angle of twist will not exceed 2.5°. 


P - 3£> y to 1 aT j C ~ % ol T O.OZ^Wj L ~ I.S 




G* « 17* id* V 


sfr-ess X ~ 60Mft - 60 */ 0 C P« 


X* ^ ' T = “^7 = \(o.ow f(co*io c ) - |.3o288*/o s b)'* 

ijA.scJ cns\ ~ 6 ° ~ 4*3. C33 * lo * f&J 

ro - Ik • T - - IT c/VrCj? ir(o.ovt\* (17 */o 3 ) 

^ ‘ &X " 1 ~ L ~ ZL * ^)0.s-) 

- I.IC730 y/O* 5, 

0€. 


r.tntT, ^= 5 | f 


T = i. J6730 *JO 
36 'to 1 


7TT (I. I&7 3o*/o 5 ) 


r 4.91 M z 




PROBLEM 3.84 


SOLUTION 


3.84 A l. 5-in. -diameter steel shaft of length 4 ft will be used to transmit 60 hp 

between a motor and a pump. Knowing that G = 1 1 .2 x 1 0 6 psi, determine the lowest 
speed of rotation at which the shearing stress will not exceed 8500 psi and the angle 
of twist will not exceed 2°. 


C= - 0.75 m J L = 4 = 78 

"To Kfve bcisecl opi i'tv'tss Jt imi ( 

X = = AT .: T = fc 4 r -- f (a.vs^itSoo) - SXSSxio' 

s3 7TC- 5 x 

“f&isfi/e btcsed O *) 4 (p r 3° ^ 3 V. ^0~7 *lQ Z 

^ - XL. / -r z _ TT (o.75)Vn.a>tQ 4 )(3^o>/o"^ 

^ ' (S%J l s ZL «)C«> 

- 4-. 048 * 10* it* ivv 

"h^^we T* - */0 itn 

P« 2tt-Ft kAo-e *P * 60 kp — (6.0 )( £ 600 } — 376 > 70 4 

£ = _JL _ 376 x )O a 

^TiT ‘ X"n (T.ohs > /O 3 ; 


- 15". S"7 Hz * 73 7 


PROBLEM 3.85 



3.85 A 1 .6-m-long tubular shaft of 42-mm outer diameter d y having the cross section 
shown is to be made of a steel for which r all = 75 MPa and G = 77 GPa. Knowing that 
the angle of twist of the shaft must not exceed 4° when the shaft is subjected to a 
torque of 900 N-m, determine the largest inner diameter d 2 which can be specified in 
the design. 

SOLUTION 

c, - -jd, - 0 . 0*1 M L-- U p. 

8«.s«ck o« s+^ess 2 ''.-7S MR*. - IS'lcf Pa. 


252 x/O*’ *n H 


•r ,*£7.88 « lo~’' M 4 


75 / I o ‘ 

om of — 4-° ’’ €9.8l3 taA 

rO - XL • T - XL (9oo )( l.c'l 

™ " GlT S-SP (77*/^n(67.8i3*to- , ;j 

vu Ae TO/' J 5 J"- 2 67.SS *70' 

J = f (tf-c/) 

^ = c, 4 - =• 0.01I 4 - 767^8 sx/o *) _ 23>?((S x(0 -^ ^ 




C 2 = = 12. 


d* r 2c,. - 2i.<i 


1 



PROBLEM 3.86 



3.86 A 1 .6-m-long tubular steel shaft (G = 77 GPa) of 42-mm outer diameter d ] and 
30-tnm inner diameter d 2 is to transmit 120 kW between a turbine and a generator. 
Knowing that the allowable shearing stress is 65 MPa and that the angle of twist must 
not exceed 3°, determine the minimum frequency at which the shaft may rotate. 


SOLUTION 

c > ~ id, = o.oxi m, c t = so.ois’t*, 

J = J (c/'-C* )= - XiS'.'SXx/ef 1 


otn 

s4v^ess £***.+ 

L sT 

* -7- _ or* 

Sctsecf on 

cen^Pe. tfP +v»3+ 

»■» 

.* T = 

1 L ‘ 


-r - Q>S MPi = cr*/o‘ p«. 

Cx25'.'i7x|o" , X<5>5" *|0 & ) 

0.O2J 




= 3 ° = 6^.3* «-/o' s 

(77xto‘ , ')(2XS'. c n*to-' , )(5y . S&>‘lo~ t ) 

I.C 


= S^.HO IJ.K 


? - 1 3 .0 kW 

P=X7rfr 


3 




-F 


IXO* IQ* 

_P 

~ 2TT ~ 


T - S 61 . Ho 


W 

tZoxlo* 

ITT 


33. iP* W* 
2o lx. 



PROBLEM 3.87 


120 mm 



3.87 The stepped shaft shown rotates at 450 rpm. Knowing that r = 10 mm, 
determine the maximum power that can be transmitted without exceeding an allowable 
shearing stress of 45 MPa. 

SOLUTION 


J - \oc ^ j D = izo j r - lo 
- '- 2 > F— F, 3 . 3. 3Z K- 1.33 

For C - - O.OSO ^ 


•y* — PTc. 
J* 


ZKT 

7TC S 


-r- _ t( 0 .os-o) z (^s-^i o‘) _ . 

-P = rpw = 7.5" htz 

Pdwe^ T = 2H-PT = «it C7. sXc.c-<tS* to*) - 3(3x/o s V = 313 fcW 


PROBLEM 3.88 



3.88 The stepped shaft shown rotates at 450 rpm. Knowing that r = 4 mm, 
determine the maximum power that can be transmitted without exceeding an allowable 
shearing stress of 45 MPa. 


SOLUTION 

c /0O*v> D = !2o 


p*ro*v\ FU . 3 >"$2 


r - 

K* J-55" 


a loo - '**> 'too ‘ *^3 

For sw/Jes- &UH c - - 0 . ojTO m *£ = 

”1“ - TTC a tr _ 7r(o.osof(4s-v<o fe ) ^ _ . 3 .. " c 

T ■ - — W TJTj — = r - 7 ° ^ M --’ 

F * L tSo rp* = 


PoWdr 


7.5* Hz 

P- ZnfT = «27i ( 7 . X'SV.TO *to % ) * Z£2*/C?TV = 2£ff-fcV 



PROBLEM 3.89 


is., 


& 


3.89 Knowing that the stepped shaft shown must transmit 60 hp at a speed of 2100 
rpm, determine the minimum radius r of the fillet if an allowable stress of COPO psi is 
not to be exceeded. 

SOLUTION 

P ' ^ = -36- H Z 

P = So = tioXit oo) r 31 ' 6 »'/o* /% 

T ■ zW - TmsT s 8007 -A* " 


Fo^- sk<Kp+ c*jrd a o.tas |‘> 

X” - T ~ 3 ^ = it ( aiarpggooo} 


C 2)( I. goo 7 *« 


■? = /ftf - 2 P— Pi 5 3.32 5- * 

r = O. 13 el * CO.OSO)(uzS'm) - 0.*15" to. 


Kir = 

X TC' 


T = 0.18 


PROBLEM 3.90 



3.90 The stepped shaft shown must transmit 60 hp. Knowing that the allowable 
shearing stress in the shaft is fiooo psi and that the radius of the fillet is r = 0. ZS in., 
determine the smallest permissible speed of the shaft. 

SOLUTION 


L = o.is. 

4 I.2S ~ 0 '* 00 , 
Fro** F^. *3. 3 2. 


2.00 


K - U2 < S 


For s^cJJey s Uff O.iZS 


n a KTc _ ZKT 
vj " TTC* 

T - vc^ T _ TT (o. &2.SP (Sooo) _ , 0 , r ^,,^3 OL ■ 

T ZK 5P 6 0 

p * fco Itp = ( 60 ^( 66 °°) - 3 ?6x(0 Z 


- 2tt -F | 


r> T* 3*7^ y/o^ 

2n-r * 21 iU.SZGxio 3 ) = 3<1 - S Wz 

~ %o7& rpK 





PROBLEM 3.91 



r = |(D - d) 


3.91 A 25- N-m torque is applied to the stepped shaft shown which has a ftill 
quarter-circular fillet. Knowing that Z) = 24 mm, determine the maximum shearing 
stress in the shaft when (a) d = 20 mm, ( b ) d = fcLtw*. 

SOLUTION 

^ f 

4 (D- el)' * 2 »*** 


T _ j2 


o. •> 


Fv'otn Fi 3 3. 32. K - 1.34 

Ftf/" siyiai/^ t f* ~ ^ ol ~ 0*010 iv\ 


r«eir^C>« O- o»o ^ 

KTc _ £*T g)0.2‘t)(2f ) = z L% y,c? Pet , zic MP^ — 

vT " ire' it (.0.010)3 

(b) ■? ■ S' 

r- iC«s-2i4 = 5-*^ = 

Ff»«* Fi^ 3. 3Z K = * sU-W- C *4^ r (9 „ok>8*. 

KTC - 2KI , ,7.4 */o fc f«, r ,7.4 MP«c 

JT 7T C 3 F (o.oiogV 


PROBLEM 3.92 



j.92 In the stepped shaft shown, which has a full quarter-circular fillet, D - 1 .5 in. 
and d = 1.2 in. Knowing that the speed of the shaft is 1800 rpm and that the 
allowable shearing stress is 8000 psi, determine the maximum power that may be 
transmitted by the shaft. 


SOLUTION 


r = |(D - d) 


s = Af = 1.25 r.=-j(o -JV ^ /.2 )-0.iS To 

« /. A *- 


Tr^jjr '-°- ,zs 

F/~~. F; 3 . 3.32 K - I- SI 


)r sma. 


JJer C - *4 d ~ O.G t* 


Full quarter-circular fillet 
extends to edge of larger shaft 


KTc 


St , 


extends to eage oi larger uum ^ i KC >L K 

7T ( P..6-) V - p C72 K,.; w jp- 1800 = 30 Wz 

1 - C2K/.3V) * 

po^«^ P=^irfT - 2 ti (3oX20 72) - 3tP. &xt0 3 Ji -m/5 

aio.6» io1 5 s ,.z h 

6600 >|b-iw/s/r>p 1 


PROBLEM 3.93 


3. 93 In the stepped shaft shown, which has a lull auarter-circular fillet, the allowable 
shearing stress is 12 ksi. Knowing that D =UJ in , determine the largest allowable 
torque that may be applied to the shaft \S(a)d = 1.1 in., (b)d = 1.0 in. 



Full quarter-circular fillet 
extends to edge of larger shaft 


For 

-Z-- iHc .. 


^b) X) = ^ in. d 

F otr 

-r _ irc^tr 

' - n r * 


SOLUTION 


'tjd - 12 kii - 12ooo ps.' 


M 


I* 


J2 * U * /. 
4 IT' 


D = 1,2,5* d - I. 

ijr (1.25-1*0 * 0.075* i 

F,'j 3-3z. \<- 1.40 

U-ff C * O.SS' in 

T r sf £- _ TTC*^ _ 1T(o.£5r}*(l*ooert 

_ l«1 1.X * t a .4 ^ " 


0*1 


/.O 


Kc 


IM 


;*x ‘ avi/.w 

- mo JL-m 


r o. tzs in. 

$ * Itir * R*** a - 3a k* i.s* 

h +Pf C * ^ W r OSO 

IT (O.SQ'?(\2ooo') 

GL)(i.3t) 


M 

ins Ji -M 



PROBLEM 3.94 


SOLUTION 


3.94 A 54-mm-diameter solid shaft is made of mild steel which is assumed to be 
elastoplastic with r y = 145 MPa. Determine the maximum shearing stress and the 
radius of the elastic core caused by the application of a torque of magnitude (a) 4 
kN-m, ( b ) 5 kN-m. 


C ® j[ <k r 0.0 21 M r l US * }0 6 Pa 


CoMp^fe Ty 


Y Tf - ^c l tr * ^r(o.027) l ()VS*lo‘) - H.W2XIO* b)-* 
T = 4-.OX lo 3 <■ T y eJWfc / p= C - 

t '?' If. • f (a«7°y ■ ,s, - w f * • 

) T = 4T.O x IO N* v* > Tf pAw4i*c region eflush'c co^. 
Tke. waxiwdws .s4v*e$5 2*** * Tr ~ 1^5 MPe«. 

T • | T r ( I - £fc 't 




, 4 . U - 

c* ^ T r 


,, C3X5x/o 3 ) ^ 

4 tt : — . . - 0. GSHo 


Ex - 


r O. 8(,8o 


4.488*1 o 3 

yOf = 0.MO c * (0. 8^80^0.02?') = 0.02344 23.4 mm 


PROBLEM 3.95 
SOLUTION 


3.95 A 1 .5-in.-diameter solid shaft is made of mild steel which is assumed to be 
elastoplastic with ry = 21 ksi. Determine the maximum shearing stress and the radius 
of the elastic core caused by the application of a torque of magnitude (a) 1 2 kip-in., (A) 
18 kip-in. 


c 

-id - 0 . 

7s ;» 

r, * 

Co 

rnp 

»+e "TV 

Tr - 


(a) 

T 

=■ 12 k- P , 

c Tf 



T 

_ Te . 

: EL 

7TC* 

tz.'it/al 

ir(o.7r'i 

00 

T 

= IS k r 

1* > 7y 

P 

Tke 

i MOM 

skein'll 2 .stress 


eJPashc p = C = 0.7.S" m. 

T- = iS-i) Un- 


lS 


Z, * 2\ Usi 


T - £T r (l - g) 

£l - if . £IL 

C 3 1 T r 

pi - o.Lmer c - (o.mzes’Xe. is) - o.i&i >'*. 


_ (Z)p2\ o.U<i57 

^ tz.lli 


£* - 0.H9Z4S 



PROBLEM 3.96 


3.96 A 30-mm-diameter solid rod is made of an elastoplastic material with t Y = 3.5 
MPa. Knowing that the elastic core of the rod is 25 mm in diameter, determine the 
magnitude of the torque applied to the rod. 


SOLUTION 

Z Y - s.^y/o 4 Pa. C - £ J * 0-015 v* - O.OI^T ^ 

T y * = JcVy r f (o.O/r)^/3.5x/o 4 ) r 

- £^£*i?£ - 0.33333 

e o.o/r 

T = 3 ~r( 1 - H 1- ^(o.33333?] - ZhZ M.v^ -* 


PROBLEM 3.97 

SOLUTION 


3.97 It is observed that a straightened steel paper clip can be twisted through several 
revolutions by the application of a torque of approximately 0.8 lb-in. Knowing that the 
diameter of the wire used to form the paper clip is 0.04 in., determine the approximate 
value of the yield stress of the steel. 


c - x J = o.oz »v ) f - O.g Jlfc- i* 


T P = 

^t y * 

it Jtr . i.I f V _ 2-rr.s^. 

3 ‘ S 2 c “ 3 " G c> ' 


tV =■ 


= (3)(o.g') _ 47 , 7 ksi 



^TT C a 

(O.e*) 3 



PROBLEM 3.98 


C = 1.25 in. 



3.98 The solid circular shaft shown is made of a steel which is assumed to be 
elastoplastic with ry = 21 ksi. Determine the magnitude T of the applied torque when 
the plastic zone is (a) 0.6 in. deep, (6) 1 in. deep. 


? Y - 21 ksi 

T y ~ ^ T yO-** - €*.437 k%> • i 


(Cl) ty-0.6 yOy = C-£y e = o. 




A: _ ai£ 


l.2r 




T* tT r (l- i-gTV f -- ga. 9 fc>-i« 


■ 0 JK” 

(Wt t r = fr-- c-t r - l.2S~-lO r 0.25'm %• r 775? * °- 5o ° 

T - 1} ('dUoo) 5 ] -- 



PROBLEM 3.99 


c = 1.25 in. 



3M The solid circular shaft shown is made of a steel which is assumed to be 
elastoplastic with t r - 21 ksi. Determine the magnitude T of the applied torque when 
the plastic zone is (a) 0.6 in. deep, ( b ) 1 in. deep. 

F ? T u « ^ md l ° admg ° f Prob ‘ 3 98 ’ Pennine the angle of twist in a 4-ft 
length of shaft. 


SOLUTION 


•J . 

0=1.25";*, % = 21 h; -- ZI*tO 

L * H ft • *»8 m 

f* £$ V. - £J£r ■ sr> - LYy _ L %_ O 3 ) . , _-J . 

' *- ^ L "• C ~ E& - (U?Y)U»f O ‘J r1? ' 0o,l ° ^ 

£l ■= & cD cPr' 

C. Cp J f>Y 

(.a.) tf- 0.6 •'« = C-t Y * l.2S-0.t * O.iS -Q = = O.5"2o 

*■& -- 7- «* 

(to t r = 1.0 i* p r ~ C-t r * 1.2? - t.o , 0.2$ ^ 0.2oo 

<? --A 5 =" 360 WflVj - 20.6“ -6 


Pr'C 


PROBLEM 3.100 


0.20 


3.100 A torque T is applied to the 20-mm-diameter steel rod .45. Assuming the steel 
to be elastoplastic with G = 77 GPa and r, = 145 MPa, determine (a) the torque T 

when the angle of twist at A is 25 , ( b ) the corresponding diameter of the elastic core 
of the shaft. 


SOLUTION 


C = id -- O.OiO W , L-/.5"m i G = 77* lo 

c<p Y -Lr r -.L£ Y>r-^ 


T y - f (0.0/o) s (/¥S */o‘ ) = 2X1.17 N-v* 

<? = " 4 36. 33 * A? * rU > <{> r f-* 3f &gg{g £ - 0.64737 

(ai T - | T; ( I - t $j£) = |(227.77 )[/- ^<>.6f737) 3 ] r 283 M-t* 

(t) & = & = 0.64737 ^ *• 0. 64737 c = (0. 64737 )fc.o») 

^£> r = 6.4737 Wo 3 *, - 6.4737 m* di Y * Zfr - 12.45" mi* 




PROBLEM 3.101 


3.101 A 1 8-mm-diameter solid circular shaft is made of a material which is assumed 
to be elastoplastic with G = 77 GPa and t r = 1 45 MPa. For a 1 ,2-m length, determine 
tte maximum shearing stress and the angle of twist caused by a 200 N-m torque. 


SOLUTION 


TV-I ‘iS*lo‘"P«. > C.- iol -O-OCH ^ 7-2-OOU-r* 

T r ~ IT* - ^(o.DOtlftnSxlcf) r I6e.0^ fj* rr\ 

T ^ T*/ joiksf/c “{■Hi -eJ/^sh'c coi't - /‘VS' MP«i, 

CO, r 3iL _ 2JxJ= - _ - c . ^*,,.,-5 ^ , 

G - ^ itCG- t (o.oo^i io*') 

T - $Ty(l-4f£) 

(&f - 4 - 4£r 'V-fe.L - 0.3864/ . 0.72837 


vcp / 

< 3 P- 




OJZ&S7 


7? ' 

_ zei.o B */?~ 2 
om tiv? 




-3 


- 3^9.7 *lo = /7.7a 


PROBLEM 3.102 
SOLUTION 


3.102 A solid circular rod is made of a material which is assumed to be elastoplastic. 
Denoting by zy and <f> r respectively, the torque and angle of twist at the onset of yield, 
determine the angle of twist if the torque is increased to (a) T = 1.1 T y , (b) T = 
1,25 T y , (c) T- 1.3 T r . 


T = £T r ( l- + $h 


& 

3 

/*+ - 

3T 

4 

/ 


<P 

V 

Tr 

~ <5V • 

T? 


(eC> 

jr . 
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l.lo 

d> 

1 

r 1.134 

c? = 1.126 
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yq-teXu*) 

w 


ur 

Cp 

i 

- 1.5*7 

f * l.&7<f> r 

t? 

<* 


CC~) 

x . 


& 

(fly 

1 

- 2, /r 

cp = 2. /s- <#y 


-(3)0-3) 



PROBLEM 3.103 


SOLUTION 


3.103 A 0.75- in. -diameter solid circular shaft is made of a material which is assumed 
to be elastoplastic with G = 1 1 .2 * 10 6 psi and ry = 21 ksi. For a 5-ft length of the 
shaft, determine the maximum shearing stress and the angle of twist caused by a 2- 
kip-in. torque. 


• 0 . 37 S" fij II. 2 p $»‘ \ t - 21 l&r - 21000^31' 

1 = 6'ff. : GO.V T - 2 K'P - i* ■= % x/O* 5 A -/I 

^ - f-C s 2 y = f(o.r)sf(^OOo) T I.13*1SX)0 % 

T > 77 p*/as-^c re-j'on wf+J* eflctih'c '£***.*» ^ - 2 / /<s) 
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c«fe 

L 


LYy . 
c 

Ltfr 

(GcOC 2.1 ooO'i _ . .5 . 

' (o.S7s-X"-^ >, IO‘^ ‘ 300 *}° 

r s 

T r (l 

- -iff 

1 ^ '• 



J£ - 
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^ 1 n 0 r-\ 
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• V 
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V n 



0 

c* 

c< 

<A 5 


X'Soox/cf 3 ') - 264>»fo z r*J =• 2L0 " 






PROBLEM 3.104 


30 mm 70 mm 



3.104 A hollow steel shaft is 0.9 m long and has the cross section shown. The steel 
is assumed to be elastoplastic with ry = 180 MPa and G = 77 GPa. Determine the 
applied torque and the corresponding angle of twist (a) at the onset of yield, ( b ) when 
the plastic zone is 10 mm deep. 


SOLUTION 


He onset *4 dfsHfkd « 

etas+i'c t ©v\ 


3 -The. 


C x “ id 2 - ^ c, -- *W, - o.o/s- 


r - or 


(Cz^ -C, H ) - f (0.035 4 -0.0/S V ) =■ z.1.777 X \0~ c * 


2U - 

si 


_ J&. = Izirniid^Xito inivxib 3 fj-n 


O- 035" 


-- 11.7/ ktO**> 


A liir , - W .,Ulo 5 ^ - 3.*T 

^ 63 ( J7*lo')(?W7*lo * c ) 

(b) t - 0.010 m - C L ~t = O.OSS - o.o/o - O. OZS rr, 

r --£$■: 42*2. = r r = ^ 

^ - ^y>L _ (180 jcjo^Xo.l) _ ^>f. ISC'" {6 2 foJt - 4.32° 

y ‘ ®rv “ (77x/o*)£a«0 

TV-fue T, ccor<Ti'eJ by *As*k< po^H^ C, ^ £ f> r 

T - ^ * 1“ ~ /°r - ^r" Jj r ‘f’ ( /V - ^ 

J = lf(o. 02 S f - O. OIS*) - S3i. 07x10^ Vn* 

I »s 

x _ ^ ^.^/o-^ngox/o*;) . 3 ?4S - Wo * ki.^ 

’« py o.oar 

Tor^i/e 7^ cec inrieJ by p-pAsff'c. jPorf-K*** 

T* -- 2t £ r r/ >* J/» - 2* *r # £ * § % & ~ f>? ) 

- 21 (|goxlo‘X0- 0 ^ 3 ' O.03S y ) - 10-273 x IO S M-»v, 

3 

T*f*i -fary'SC 

T=T;+T 4 - 3.VHS*lo 4 10.273 »fO* - 14.12 Wo 3 K7-»*> 

14.12. kW-*n 


PROBLEM 3.105 



30 mm 70 mm 


3.105 A hollow steel shaft is 0.9 m long and has the cross section shown. The steel 
is assumed to be elastoplastic with ly = 1 80 MPa and G = 77 GPa. Determine (a) the 
angle of twist at which the section first becomes folly plastic, (b) the corresponding 
magnitude of the applied torque. 

SOLUTION 

~ ~ O.OI* C x - ^ olj » O- 03-ST 

(ct) Fof' ©>oset of -Polly pjks4 ic yieJL/injj py -z C, 

t- 2 y •- T = — “ - C«<P 

* • 

(w T f - an ? r pJ/> -- 27Tt r -f 1 £ = 21 r r (c» - c 3 ) 

= */o 6 )(aoSs 3 • o.o/S"*J - ^.£<?x/o 3 M ho 

* I4.M kM-w, 


PROBLEM 3.106 



A shaft of mild steel is machined to the shape shown and then twisted by 
torques of magnitude 45 kip-in. Assuming the steel to be elastoplastic with ry = 2 1 ksi, 
determine (a) the thickness of the plastic zone in portion CD of the shaft, (b) the 
length of the portion BE which remains folly elastic. 

SOLUTION 

(OS) I* pd^ftovi C£> C = 1.00 I* 

Tr* * fcV r . ^|.«o) 3 (a»VW.Wfc.>.« 


T = f T r0 --£t) ^ - 4 - ^ ^ ~ = 0.36620 

p f *(oJ 128)0-0°) * 0.1 IZ ty - C- ( pr- 0.211 ;* 

()=»') \/i«iJnrxoj poivf £ ^ : C fj T - Ho \<'P \v\ 

c’-ii >•»>« 


v - T gr _ 27 

v J« TTce a 


\.ouh 



i.-as - ;-occ4 _ j»_ 

l.'XS'- f-oo ~ <f 

X - 2.34 m 




PROBLEM 3.107 

TL® e c Id 



n 

L r _J 

> in. 



2 in. 


Lb) 


3.107 The magnitude of the torque T applied to the tapered shaft of Prob. 3.106 is 
slowly increased. Determine (a) the largest torque which may be applied to the shaft, 
( b ) the length of portion BE which remains fully elastic. 

SOLUTION 

(cU The J/ar^e s+ iotrque Wm&l* v*«.y be appiizj +» He 
sWf-V kes po^T CD pfusiic>» 

Jtr» por-*f iom CD C - ’jn al •=■ L OO 

Ty - •- f 

ThtT-fW/y pievS^'c = o 

T~f Tr(l-^f) " -f T r = (35.987)= ¥3.9 gzkf.iy,* W.4k r i» — o 

F^r a+ po.rt-f- T' = '2 Y ; Cs Cfj T “ *+2.*?SR ^ 73 - 1 *. 

^ * - 7*7 ^ - TT'tf • - / - 33333 ^ 

Cg- - I.IOO& 




PROBLEM 3.108 


3.108 Considering the partially plastic shaft of Fig. 3.38c, derive Eq. (3.32) by 
recalling that the integral in Eq. (3.26) represents the second moment about the raxis 
of the area under the v-p curve. 


SOLUTION 



T^e s-frcss is ■HiJ 1 stoow o*\ -He 

T - Zv $ p'tlp = 2T$pdiA = Zirl 

dA - 'i dp Avi#/ J7 = %v\al wi c* aJooo't 

■fA-d r<S • 



k — C *1 k /V -J 


r - r, - 1, 

= 3^ - [SS *ef? + i ^rpfQkprS] 

= t£? r C 2 - - ^^C 3 ( 

T * arl = ^7r^(l ~ 4'$) 

RtcJP -M c z f f ■■■ %r? ^ %T r 

T = §T Y ( I - -if-g) 





PROBLEM 3.109 



3.109 Using the stress-strain diagram shown, determine (a) the torque which causes 
a maximum shearing stress of 1 5 ksi in a 0.8-diameter solid rod, (b) the corresponding 
angle of twist in a 20-in. length of the rod.' 

SOLUTION 

&-) .=■ \5 Usi C. O.^oo in 

+i\e stress - s-f/'et-V eli**,* rccwn 0*OOS 
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L 
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PROBLEM 3.110 


r(ksi) 

16 

12 

8 


0 0.002 0.004 0.006 0.008 0.010 y 


3.110 A hollow shaft of outer and inner diameters respectively equal to 0.6 in. and 
0.2 in. is fabricated from an aluminum alloy for which the stress-strain diagram is given 
in the sketch. Determine the torque required to twist a 9-in. length of the shaft 
through 10°. 

SOLUTION 

Cp - lO° - 174.53 Wo'" r-cxJ 

C, = i ? O. loo /M , c z - £ <4 r b. Zoo m 
-C* - ^ = o. ooS&2 


r. ; , * = O.oolTV 

Let Z-9 ^ Z, = f 1 = i 
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I - ^ Z w 
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z 

T 
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w 
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0 . 00 n 4 

3.0 


! 

0.24 
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lo.o 
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H- 
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S/C 
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) 
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r = .a) _ 3 _ ?(S ks/ . 
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KJc4^» A w»«.y ©I due *K» c«s <^yD .* i c 

'-Re s+v^ss - s+V^.'vi cu/ve. 






PROBLEM 3.111 



3.111 A 50-mm-diameter cylinder is made of a brass for which the stress-strain 
diagram is as shown. Knowing that the angle of twist is 5° in a 725-mm length, 
determine by approximate means the magnitude T of the torque applied to the shaft. 


SOLUTION 


-3 


<p - S° = 37.7.te*to^ r*j 
C = ij = O.OZS L - 3. ~>2S r*i 
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PROBLEM 3.112 


SOLUTION 


3.111 A 50-mm-diameter cylinder is made of a brass for which the stress-strain 
diagram is as shown. Knowing that the angle of twist is 5 ° in a 725-mm length, 
determine by approximate means the magnitude T of the torque applied to the shaft. 

3.112 Three points on the nonlinear stress-strain diagram used in Prob. 3. 11 1 are 
(0,0), (0.001 5,55MPa), and (0.003,80MPa). By fitting the polynomial r = A + By+ 
Cy 2 through these points the following approximate relation has been obtained. 

r=46.7 x 10 9 y- 6.67 x 10 12 y 2 
Solve Prob. 3.1 1 1 using the relation, Eq. (3.2) and Eq. (3.26). 


r s £7. 266 x/o' a c.-%J * 6. OX 5“ L * 0. 725" m 

- c£_ (o.ozs > )(z7.zte>'(o~ z ^ s 3 

L 5 0.725" 

Lerf z - =£• = -£ 

T= 2.7T I - 27 2 2 fc)z 


Tic curse. i* 


-r - A 8T + c v 11 = A + "BYU 2 . -v C'iC’z’’ 

T-- 2-rrc 3 £ A + 8T^z ■» z*) ^ 

- 2rc 3 { A + 37^, £ z* Jz + C7U £ ^ 1 

+ £C1L, X } 

A = o J 8 = 46. 7»/o’ j C = -6.67VIO' 2 - 
•4 A = o -if 87Lv = 4 (**6.7 3.oofYWo' S ) = ST./3 */a 
i=CXi ((■.£7 «lo n )(^.Oo‘\v(6 % f- -I2.ofc*/o 3 
T= 2u ( 0 . 02 s- o + 3S". )3 x(o 3 - /2.o8*/o 3 ) - 2-24 W-m 

= •2.26 — 



PROBLEM 3.113 


T 

-25 mm 




A+ p - C 
M p-fr 

f?es i 'AoJl: 


3.113 The solid circular drill rod AB is made of a steel which is assumed to be 
elastoplastic with T r = 160 MPa and G = 77 GPa. Knowing that a torque T= 5 kN*m 
is applied to the rod and then removed, determine the maximum residual shearing 
stress in the rod. 

SOLUTION 

C - 0.0 ZS m 

J" = $ c<i = ^(o.ozsV - Q\3 ,S*I xicr** 

T y - - 5 (o.o 32 f 0 60 *' o ‘) r W-m 
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PROBLEM 3.114 



D 
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3.114 The solid circular shaft AB is made of a steel which is assumed to be 



PROBLEM 3.115 



1.25 m 





30 mm 


3.1 15 The hollow shaft AB is made of a steel which is assumed to be elastoplastic 
with t y = 145 MPa and G = 77 GPa. The magnitude T of the torque is slowly 
increased until the plastic zone first reaches the inner surface; the torque is then 
removed. Determine (a) the maximum residual shearing stress, ( b ) the permanent 
angle of twist of the shaft. 

SOLUTION 

riJiix C| " 0'D\%w\ j C 2 ~ O. 03 o *1 
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PROBLEM 3.1 16 



3.116 The solid shaft shown is made of a steel which is assumed to be elastoplastic 
with T y = 145 MPa and G = 77 GPa. The torque T is increased in magnitude until the 
shaft has been twisted through 6° and then removed. Determine (a) the magnitude and 
location of the maximum residual shearing stress, ( b ) the permanent angle of twist of 
the shaft. 

SOLUTION 
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■Y' - _ (0.o./SXl°4.7?*/o'^ .. ... 

• k — " —■ ~ o.oo. 


- o s, = o.oozms 

_ % WS* IQ* _ . „ , . 

^ ' (x ~ 77x10 , ‘ 0 - oolg '*3l 

£ 2 . _ o . ooi mi . 3 

C TC, 0.0017 fXS ' °" 6743 = 

J= Ijc' 1 - ^ (o.o is ) 1 = toi.mt tier* 1 ^ 

Tr = 1 5 ?(o.oisf(lNSx|o 4 ) - 73;?. S3 W-w 

Af e«d of LO.Vj Tp^ - J-T r (l- ^ V )[l- ^(o.CTtis) 1 ] 

; ). l‘t%SS' x/O 3 M-tv, 


Uniloajin^ ei«+.i, T*- -1.' IH 8.TS" X jo 2 W • t*l 


t‘-. xlc - 
.£ ^ - 


“ l7$.S2*lo‘ ?<x 


r - - J ' I0Z< r« 

At /3= A .t'= . (, |7S .S2«I0‘ (o.£ 7 H33)- l3o.3gx/o < - Po. 

rf5 '- -Tit - C l L-W8 £T'x/ 6 ? )(o .<0 _ gg -- 


G-J C 77> 'i o ’Xl02.?‘) < t 


-?Li -.tr* cp p - cp M - Cp' 


A+ 


•&* 

* hkvio 4 - 

l72.S3*lo c 


lO C Pc, 




~ 

-331<5 

MPa. 

A+ 

f'A 


- NSxlo"- 

I20.32WO 4 - 

2¥.«i 

* /o c Pa. 




r 

?4.C 

MPa 


p*^-% 

JM-72 


'(o" 3 = 17.72 

x/0 -S - 1. ( 




PROBLEM 3.117 


SOLUTION 


3.113 The solid circular drill rod AB is made of a steel which is assumed to be 
elastoplastic with r r = 1 60 MPa and G = 77 GPa. Knowing that a torque 5 kN-m 
is applied to the rod and then removed, determine the maximum residual shearing 
stress in the rod. 

3.117 In Prob. 3. 1 13, determine the permanent angle of twist of the rod. 


Fro*' -flie So -f-o “PROBLEM 3.113 


C'O.Wrm j J- SI3-S9 •lo'' m* j £? r O.Sttl f> r - O.OIHIZ3 
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Or\J! oaJ,’w^ <p'- 


(eAsfic) dTT» 


?' r C 77xfo - ^cV/l^?/o-^ g l -“ 83 ^ r &ae<r 

^Pp^x r -/.o<rs3 -- O.HiSorJ: 23.7 


PROBLEM 3.118 


SOLUTION 


3.114 The solid circular shaft AB is made of a steel which is assumed to be 

elastoplastic with G « 1 1 .2 * 1 0 6 psi and t Y = 2 1 ksi. The torque T is increased until 
the radius of the elastic core is 0.25 in. Determine the maximum residual shearing 
stress in the shaft after the torque T has been removed. 

3.118 In Prob. 3.1 14, determine the permanent angle of twist of the shaft. 


Pro* Ue SoL+lX +«■ TIBoeLeM 3. I|<* , C r O-IS" , J"= 0.997 ol ^ 
4-f '+es T = IS.S83 k.f> ■ , /0 f *Q 


r = 4* ~ ^ 

i- V p pa. 
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PROBLEM 3.119 



(a) 


3.119 A torque T applied to a solid rod made of an elastoplastic material is increased 
until the rod becomes fully plastic and then is removed, (a) Show that the distribution 
of residual stresses is as represented in the figure, (b) Determine the magnitude of the 
torque due the stresses acting on the portion of the rod located within a circle of radius 
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PROBLEM 3.120 


SOLUTION 


3.116 The solid shaft shown is made of a steel which is assumed to be elastoplastic 
with r Y = 145 MPa and G = T7 GPa. The torque T is increased in magnitude until the 
shaft has been twisted through 6 0 and then removed. Determine (a) the magnitude and 
location of the maximum residual shearing stress, (b) the permanent angle of twist of 
the shaft. 

3.120 After the solid shaft ofProb. 3.116 has been loaded and unloaded as described 
in that problem, a torque T , of sense opposite to the original torque T is applied to 

the shaft. Assuming no change in the value of <p Y , determine the angle of twist <p\ for 
which yield is initiated in this second loading and compare it with the angle (p y for 
which the shaft started to yield in the original loading. 


Fta soJ^otio^ "fo PROBLEM 3. U6 C = 0-0 16**^ L- 0-6 hi 
% - x/ o‘ J = I oz: W 4 " to' , ^ 

The res/ Jo+jP s+ress ok p = C /a “ 33 - $ MPa. 

pci/' $oaJ(ir\^ io pke opposite, serose J T/e stress k* 

produce re J is 

'C', - % - tU ’ I HS*iO* - ZZ-StlO 1 - 1 1 . 1 v >5* *IO* Pa 

y _ Tc -j- . Jjtf _ (iww » !o~ f Xnur>/o‘'> 

T, 'j- 1 ~ c O.oic 


/V) j Pe of 

«*•&£ 


= 71 7 W-m 


. (7<7 *< o^Ko.fe) 

‘ (17 x/o^Xl ) 


- £4. 3 */o' 

= 3. II *■ 








PROBLEM 3.121 


3.114 The solid circular shaft AB is made of a steel which is assumed to be 

elastoplastic with G = 1 1 .2 x 1 0 6 psi and r Y = 21 ksi. The torque T is increased until 
the radius of the elastic core is 0.25 in. Determine the maximum residual shearing 
stress in the shaft after the torque T has been removed. 

3.121 After the solid shaft of Prob. 3.114 has been loaded and unloaded as described 
in that problem, a torque T, of sense opposite to the original torque T is applied to the 
shaft. Assuming no change in the value of zy, determine the magnitude T s of the 
torque T, required to initiate yield in this second loading and compare it with the 
SOLUTION magnitude T y of the torque T which caused the shaft to yield in the original loading. 
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PROBLEM 3.122 


3.122 Knowing that the magnitude of the torque T is 1 800 lb*in., determine for each 
of the aluminum bars shown the maximum shearing stress and the angle of twist at end 
B. Use G = 3.9 x 10 6 psi. 


SOLUTION 


1 in. 
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PROBLEM 3.123 


3.123 Using r aU = lOksi, determine for each of the aluminum bars shown the largest 
torque T which may be applied and the corresponding angle of twist. Use G- 3.9 
x 10 6 psi. 





PROBLEM 3.124 


CLr-J 




\m> 




3.124 Knowing that T= 800 N-m, determine for each of the cold-rolled yellow brass 
bars shown the maximum shearing stress and the angle of twist at end B. Use G - 39 
GPa. 

SOLUTION 

T r 8oo L = - O.^OO ** 
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PROBLEM 3.125 


3.125 Using = 50 MPa, determine for each of the cold-rolled yellow brass bars 
shown the largest torque T which may be applied and the corresponding angle of twist. 
Use G = 39 GPa. 



SOLUTION 
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PROBLEM 3.126 


3.126 A 2-kip-in. torque T is applied to each of the steel bars shown. Knowing that 
r^j = 6 ksi, determine the required dimension b for each bar. 


SOLUTION 




T - Z k-p i- = £> Itei" 
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PROBLEM 3.127 






s«p>^rx* * 0.= b ; ^ r 

* - JEL. 

^ c.ab* c, b 3 


^ ' 2c^(Xio.^(.)(A) r ; " 3 
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3.127 A 300-N-m torque T is applied to each of the aluminum bars shown. Knowing 
that r (ll = 60 MPa, determine the required dimension b for each bar. 

SOLUTION 

T - 300 bl- !►> Z~, 1 GOk/o 4 - P«. 
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PROBLEM 3.128 



750 mm 


3. 128 The torque T causes a rotation of 2 ° at end B of the stainless steel bar shown. 
Knowing that G = 77 GPa, determine the maximum shearing stress in the bar. 

SOLUTION 

- 30 * O. OSV ho b - 20 - O. OZO m 

- 2* = ^ J 

<P = -- T= -Si^^SP 


T C^G- " 1 ' ~L ‘ 
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2U » g *<Q*)(3V.9g7^o' 3 ) = ^ 4 p<l 

Co.*ai)(o.7S‘o'> 

= 60.3 MPa. 


PROBLEM 3.129 
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PROBLEM 3.130 


SOLUTION 


3.129 Two shafts are made of the same material. The cross section of shaft A is a 
square of side b and that of shaft B is a circle of diameter b. Knowing that the shafts 
are subjected to the same torque, determine the ratio of the maximum shearing stresses 
occurring in the shafts. 

A. £ = I , C,- O.ZOS Cr*Xh 3. 1 ) 

t * JL T 

h C,at l " 0.202 

r . Ic _ 2 JL - 16 T 

Q " J* TTC 3 ~ tFE 3 " 

T 

16 = O.ZooSw = 0.1W 


3.130 Determine the largest allowable square cross section of a steel shaft of length 
4 m if the maximum shearing stress is not to exceed 1 00 MPa when the shaft is twisted 
through one complete revolution. Use G = 77 GPa. 
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PROBLEM 3.131 



3.131 Shafts A and B are made of the same material and have the same cross 
sectional area, but A has a circular cross section and B has a square cross section. 
Determine the ratio of the maximum torques T A and T„ which may be safely 

applied to A and B, respectively. 

SOLUTION 

Y,€ c = Y'aWhJS of section A £? = S/We 

of secshto* B. 
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PROBLEM 3.132 



- _2i 


3.132 Shafts -4 and £ are made of the same material and have the same length and 
cross sectional area, but .4 has a circular cross section and B has a square cross section. 
Determine the ratio of the maximum values if the angles tp A and <p B through which 
shafts A and £, respectively, may be twisted. 

SOLUTION 

Le+ c = (TaWios of c.\'Tcj)as sgcfio* A aw*| lo ® Si'Je 

of sytM^c B. 
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PROBLEM 3.133 



3.133 A 1.25-m-long steel angle has an L 127 x 76 x 6.4 cross section. From 
Appendix C we find that the thickness of the section is 6.4 mm and that its area is 1 252 

mm 2 . Knowing that r aM = 60 MPa, G = 77 GPa, and ignoring the effect of stress 
concentrations, determine (a) the largest torque T which may be applied, (6) the 
corresponding angle of twist. 

SOLUTION 
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PROBLEM 3.134 


L4X4X| 


x - Hi- - ^ 

T 


J./W A 3000 lb-in. torque is applied to a 6-ft-long steel angle with a L 4 x 4 x | 

cross section. From Appendix C we find that the thickness of the section is * in. and 

that its area is 2.86 in 2 . Knowing that 0=11.2* 10 6 psi, determine (a) the maximum 
shearing stress along line a-a , ( b ) the angle of twist. 

A = 2.86 m*., b = | = 0.37S- .« <»■* £ * $% 7T = 7>a7 ,V 

C, , C^-^I-O.C So^ = O.3230 
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3ooo 


r *'** r C, ab 1 = (o.323oX7. «7Xa3?n Z= g - &6y, °V' ■' 8 -“ k5i 

(L-) <p = ...XL - C3Qg>°Xia} — = WS^S-ylo'raA 

031 T C^ab^G- (0.3Z3oX7.627Xo.37S'XOl.2='/o t ) 

- 3 / 

6 “Pt. * 72 m 





PROBLEM 3.135 



3.135 An 8-ft-long steel member with a W 8 x 3 1 cross section is subjected to a 5 

kip-in. torque. From Appendix C we find that the thickness of the section is - in. and 

8 

that its area is 2.86 in 2 . Knowing that G = 11.2 x io 6 psi, determine (a) the 
maximum shearing stress along line a-a, ( b ) the maximum shearing stress along line 
b-b y (c) the angle of twist. (Hint: Consider the web and flanges separately and obtain 
a relation between the torques exerted on the web and a flange, respectively, by 
expressing that the resulting angles of twist are equal.) 


SOLUTION 
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PROBLEM 3.136 

^ I'VT 


W250 X 58 


O' 



3.136 A 3-m-long steel member has an W 250 x 58 cross section. Knowing that G 
- 77 GPa and that the allowable shearing stress is 35 MPa, determine (a) the largest 
torque T which may be applied, ( b ) the corresponding angle of twist. Refer to 
Appendix C for the dimensions of the cross section and neglect the effect of stress 
concentrations. (See hint of Prob. 3.135.) 


SOLUTION 
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PROBLEM 3.137 


* - 


3.137 and 3.138 A 750-N-m torque T is applied to a hollow shaft having the cross 
section shown. Neglecting the effect of stress concentration, determine the shearing 
stress at points a and b. Th icV = Q mm - 

SOLUTION 

\ 

hteu. hoc/nded by J/lne 

CL - css) 1 + (eo)te ) - 738 1 ^ 

= 732/ x'/O'*' *> 4 

j t ' O. 00 fe m Cl b. 
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PROBLEM 3.141 

50 mm * 



I 1 ' 


W 

10 mm 


a 


3.141 and 3.142 A hollow member having the cross section shown is formed from 
sheet metal of 2-mm thickness. Knowing that the shearing stress must not exceed 3 
MPa, determine the largest torque which may be applied to the member. 

SOLUTION 


- &$)(&') + (yo)Cs} 

- JoH ^ - loi * id*’ >*) X 




g 
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PROBLEM 3.142 


■— 50 mm 



50 mm 


20 mm 


3.141 and 3.142 A hollow member having the cross section shown is formed from 
sheet metal of 2-mm thickness. Knowing that the shearing stress must not exceed 3 
MPa, determine the largest torque which may be applied to the member. 


SOLUTION 

Area, boonA&d 
cey\±e^ fine 
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T 
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PROBLEM 3.143 
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7.06 

a 




1.9*1 


2.94 


3. M5 and 3.144 A hollow member having the cross section shown is to be formed 
from sheet metal of 0.06 in. thickness. Knowing that a 1250 lb- in. torque will be 
applied to the member, determine the smallest dimension d which may be used if the 
shearing stress is not to exceed 750 psi. 
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PROBLEM 3.144 
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3.143 and 3.144 A hollow member having the cross section shown is to be formed 
from sheet metal of 0.06 in. thickness. Knowing that a 1250 lb-in. torque will be 
applied to the member, determine the smallest dimension d which may be used if the 
shearing stress is not to exceed 750 psi. 
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PROBLEM 3.145 


0.08 in. 



3; 145 A hollow cylindrical shaft was designed to have a uniform wall thickness of 
0 1 in. Defective fabrication, however, resulted in the shaft having the cross section 
shown. Knowing that a 15-kip-in. torque T is applied to the shaft, determine the 
shearing stress at points a and b. 

SOLUTION 

«'os of - l.'Z in 

Qedtl/s c/f iv in s /. I I*v» 

Meavt Tatsli'oi “ Lib 
Av^a. \ootJr\clest i>y c 

a ~ wr^ = 7r(i./5) t = *f. iss 




/s5~ 


Af p&i CL tj - 0-0% i ^ 

A+ p.iw-f t t- O.l^ t< 'C-e-X-s — i£ 

r Pta CiYo.izx^.iss) 


- n.c ks; 

- IS. oi h; 


PROBLEM 3.146 



3.146 A cooling tube having the cross section shown is formed from a sheet of 
stainless steel of 3 mm thickness. The radii c, = 150 mm and c 2 = 100 mm are 
measured to the centerline of the sheet metal. Knowing that a torque of magnitude 
T = 3 k N-m is applied to the tube, determine (a) the maximum shearing stress in the 
tube, ( b ) the magnitude of the torque carried by the outer circular shell. Neglect the 
dimension of the small opening where the outer and inner shells are connected. 


SOLUTION 
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PROBLEM 3.147 



3.147 A cooling tube having the cross section as shown is formed from a sheet of 
stainless steel of thickness r. The radii c, and c 2 are measured to the centerline of the 
sheet metal. Knowing that a torque T applied to the tube, determine in terms of T, c„ 
c 2 , and / the maximum shearing stress in the tube. 
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PROBLEM 3.148 

T' 



Equal torques are applied to thin- walled tubes of the same length L, same 
thickness t, and same radius c. One of the tubes has been slit lengthwise as shown. 
Determine (a) the ratio r /v a of the maximum shearing stresses in the tubes, ( b ) the 
ratio <h/<p„ of the angles of twist of the shafts. 
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PROBLEM 3.149 



3.149 A hollow cylindrical shaft of length L, mean radius c m , and uniform thickness 
t is subjected to torques of magnitude T. Consider, on the one hand, the values of the 
average shearing stress r, w and the angle of twist <fi obtained from the elastic torsion 
formulas developed in Secs. 3.4 and 3.5 and, on the other hand, the correspo nding 
values obtained from the formulas developed in Sec. 3. 1 3 for thin- walled hollow shafts, 
(a) Show that the relative error introduced by using the thin-wall-shaft formulas rather 
than the elastic torsion formulas is the same for r avc and $ and that the relative error 

is positive and proportional to the square of the ratio t/c m . (b) Compare the percent 
error corresponding to values of the ratio t/c„ equal 0.1, 0.2 and 0.4. 
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PROBLEM 3.150 


3. / 50 For the solid brass shaft shown, determine the maximum shearing stress in (a) 
portion AB, ( b ) portion BC. 



SOLUTION 
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3.151 Knowing that G - 5.6 * 10 6 psi for the solid brass shaft shown, determine the 
PROBLEM 3.151 angle of twist at point C. 
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PROBLEM 3.152 


3.152 The stepped shed shown rotates at 900 rpm. Knowing that r „ = 42 MPa. 

POWCT WhiCh C “ ^ ,riBBmitted if *>* -dins , of the fillet is 


160 mm 
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PROBLEM 3.153 



J = lire 3 t 


3.153 The long, hollow, tapered shaft AB has a uniform thickness t. Denoting by G 
the modulus of rigidity, shown that the angle of twist at end A is 
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PROBLEM 3.154 


3.154 Two solid steel shafts, each of 30-mm diameter, are connected by the gears 
shown. Knowing that G = ll GPa, determine the angle through which end A rotates 
when a 200-N-m torque T is applied at A. 
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PROBLEM 3.155 


3.155 The angle of rotation of end A of the gear-and-shaft system shown must not 
exceed 4°. Knowing that the shafts are made of a steel for which r aU = 65 MPa and 
G = 77 GPa, determine the largest torque T which can be safely applied at end A 
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PROBLEM 3.156 


3.156 A sheet metal strip of width 6 in. and 0.1 2 in. thickness is to be formed into a 
tube of rectangular cross section. Knowing that = 4 ksi, determine the largest 
torque that may be applied to the tube when (a) w = 1.5 in., (b) w = 1 .2 in., (c) w = 
w H 1 in. 
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3.157 Two solid brass rods AB and CD are brazed to a brass sleeve EF. Determine 
PROBLEM 3.157 the ratio d 1 !d x for which the same maximum shearing stress occurs in the rods and in 

the sleeve. 
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PROBLEM 3.158 


320 mm 



580 mm 


3.158 One of the two hollow steel drive shafts of an ocean liner is 75 m long and has 
the cross section shown, knowing that G = 77 GPa and that the shaft transmits 44 
MW to its propeller when rotating at 1 44 rpm, determine («) the maximum shearing 
stress in the shaft, ( b ) the angle of twist of the shaft. 

SOLUTION 
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PROBLEM 3.159 



T = 5 kip 


X “ 3 ■ 'l*' > | Y 


3.159 The shaft AB is made of a material which is elastoplastic with t Y - 12.5 ksi and 

G = 4 x 1 0 6 psi. For the loading shown, determine (a) the radius of the elastic core 
of the shaft, ( b ) the angle of twist at end B. 
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PROBLEM 3.160 
SOLUTION 


3.760 If the 3 kip-in. torque applied to the shaft of Prob. 3.159 is removed, 
determine (a) the magnitude and location of the maximum residual shearing stress in 
the shaft, ( b ) the permanent angle of twist of the shaft. 


He soJu4w of PROBLEM 3.159 t <*f He end of J T- 3 k*p * in 
£l ^ O. 693/s j 

Stresses , X -- \ 7. S kii a-i f =/V 5 

UnPoDLtl .‘n j T» -3K,> i„. © * 9^0 V' ^ V/ ° 3 bl ‘ 


aVt XS. r -2_L - - -1^.28 hi' *+ /? = c 

j- ttc^ ttCo.s) 3 ' 

ATT - (0. 6^318 )(- IS. 78 ) ~ 10. Si Mi.' f> - f>r ■ 

A< o - Ik , ( LK - 3 lj ? . I =, _ o.iyoof 

"* GvJ ^c M G fr(o.sy(^yio s ) 

f?es iJjoJ TUs r Tk—I 4 

A+ P-C * - 2.72 ksi 

A+ /oryDy = 13.5- - /0-5-n - '• t? ' ksi 

+ A4> - 0X1101 -O.SSOOH - 0.019 






PROBLEM 3.161 



3.161 The composite shaft shown is twisted by applying a torque T at end A. 
Knowing that the maximum shearing stress in the steel shell is 1 50 MPa, determine the 
corresponding maximum shearing stress in the aluminum core. Use G ~ 77 GPa for 
steel and G = 27 GPa for aluminum. 
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PROBLEM 3.C1 



3.C1 Shaft AB consists of n homogeneous cylindrical elements, which 
can be solid or hollow. Its end A is fixed, while its end B is free, and it is sub- 
jected to the loading shown. The length of element i is denoted by L„ its outer 
diameter by OD t , its inner diameter by ID h its modulus of rigidity by G„ and 
the torque applied to its right end by T„ the magnitude r, of this torque being 
assumed to be positive if T ( is observed as counterclockwise from end B and 
negative otherwise. (Note that 7D, = 0 if the element is solid.) (a) Write a com- 
puter program that can be used to determine the maximum shearing stress in 
each element, the angle of twist of each element, and the angle of twist of the 
entire shaft. ( b ) Use this program to solve Probs. 3.9, 3.35, 3.37, 3.150, and 
3.251. 
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For. C'ri/t/De./cAL 

~ L C , ^ ,T. 


ft A/D CsAft PU 

Ji = C n M)( IP?) 


007 U^e £>P /=>/?&#/?* * M 
UP DP7tT 7c>/?<£* Of 
ftf/O CC'ASt / 'U7er 

o. - -r (oo e ) 2 jjj t 
P»i - TL i/P ~L 


r»7>;£ 


op 7~<*>/<;7 of aERa-T/aaB £APfir } <7V V7/»£ 
W/r// (£>^Ci ) ypppre- 7~//s?c>u m £fi£P>G*7 

PR'; 




Problem 3 .9 <*.»*</ 3.3 f 
Element Maximum Stress 
(MPa) 


Angle of Twist 
(degrees) 


1.0000 56.5884 2.5265 

2.0000 36.6264 0.8887 

Angle of twist for entire shaft ■ 3.4152 0 


Problem 3 . 37 

Element Maximum Stress Angle of Twist 
(MPa) (degrees) 


1.0000 33.9531 0.8314 

2.0000 19.6488 0.7413 

Angle of twist for entire shaft * 1.5726 ° 


Problem 3.150 aW s./sr/ 
Element Maximum Stress 
(ksi) 


Angle of Twist 
(degrees) 


1.0000 9.1266 3.5857 

2.0000 -8.5526 -3.0002 

Angle of twist for entire shaft « 0.5855 ° 




PROBLEM 3.C2 



3.C2 The assembly shown consists of n cylindrical shafts, which can be 
solid or hollow, connected by gears and supported by brackets (not shown). 
End A / of the first shaft is free and is subjected to a torque T 0 , while end B n 
of the last shaft is fixed. The length of shaft Afi, is denoted by L„ its outer di- 
ameter by OD„ its inner diameter by ID,, and its modulus of rigidity by G ; . 
(Note that lD t = 0 if the element is solid.) The radius of gear A, is denoted by 
a it and the radius of gear B t by b- r (a) Write a computer program that can be 
used to determine the maximum shearing stress in each shaft, the angle of twist 
of each shaft, and the angle through which end A, rotates, (b) Use this program 
to solve Probs. 3.21, 3.39, 3.41, 3.42, and 3.154. 

SOLUTION 
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Problem 3 . 21 

Shaft No. Max. Stress (MPa) Twist Angle (degrees) 

1.0000 68.7420 1.4615 

2.0000 72.5013 0.7707 

Angle through which Al rotates ■ 3.388 ° 

Problem 3.39 

Shaft No. Max. Stress (MPa) Twist Angle (degrees) 

1.0000 47.7465 1.7764 

2.0000 82.8932 2.0560 

Angle through which Al rotates - 7.945 ° 

Problem 3.41 

Shaft No. Max. Stress (ksi) Twist Angle (degrees) 

1.0000 9.0541 1.3587 

2.0000 12.0722 1.3175 

Angle through which Al rotates « 3.115 ° 

Problem 3.42 

Shaft No. Max. Stress (ksi) Twist Angle (degrees) 

1.0000 9.0541 1.3587 

2.0000 6.7906 0.7411 

Angle through which Al rotates = 1.914 ° 

Problem 3.154 

Shaft No. Max . Stress (MPa) Twist Angle (degrees) 

1.0000 37.7256 1.6843 

2.0000 56.5884 1.4036 

Angle through which Al rotates » 3.790 ° 










PROBLEM 3.C3 3C3 Shaft AB consists of n homogeneous cylindrical elements, which 

can be solid or hollow. Both of its ends are fixed, and it is subjected to the 
loading shown. The length of element i is denoted by L h its outer diameter by 
OD t , its inner diameter by ID„ its modulus of rigidity by G„ and the torque ap- 
plied to its right end by T ; , the magnitude T, of this torque being assumed to 
be positive if T, is observed as counterclockwise from end B and negative oth- 
erwise. Note that ID, = 0 if the element is solid and also that T, = 0. Write a 
computer program that can be used to determine the reactions at A and B, the 
maximum shearing stress in each element, and the angle of twist of each ele- 
ment. Use this program (a) to solve Prob. 3.56, ( b ) to determine the maximum 
shearing stress in the shaft of Example 3.05. 

SOLUTION Wf £ Jr Act jo A> fiT tS AS 

fapustowr AH 0 (ZELSASQ. *7 £ s 

C.OhS»PUT& 65 g 7^ TO'. 

F&e JPQch ELffrZHT f/'/Tf-rL 

4 , oo £ } tp £ 5 , ~r. [«o7v 7 t = t 3 ~.o) 

J c *(tr/s2)[ov‘[ - ID?) 

U P Eft 7/F -Tb/z&u t? 

T* 7+ 7 

7 Wi - r (o^/2)/J c 

p/9/ l - 'TLl/6' l J l 

Ccw> r?i>7& <2 ^ ; u*tT» <S> ftfJQ 

UPU&7'7/& T/te&U6H -» Tf 

e L = & L +pH, L t 6%-a* 

c C ompute? < 3 ^ £>ur 7zo unjt tok&oif at 3 
Utvi 7 7 *Ui * Oti/zJi 
j/vtr PWl ~ 4 1 ' / 6 - 1 Ji 
y> 

UMT& & (i) - UMTQfo/ 1) f- (jh/T 

. Sup&t POSJ 7? OH I 

p2z>r? 7T7-7AL An41£ - AT B To at- 2V=/?6. + 1^( UN>T&^ (-h)) = £> 

7s = »)) 

7^ 75 = Z7?4t 7i 

EIPMPA/ T : Pffix S/r?£S£\ 7bmi 7 #u l =TAl>£ ^7^(UT»7-m^) 

fwtip or 7W'sr: '7 z?al pm^ - Pp/c +r s /um tpw/^ 



Ppof/ZAf^O UTpa T 


Problem 3.56 TA «= 

TB = 

Element tau max (MPa) 

1 -39.588 

2 31.670 


-0.290 kN*m 
-0.210 kN*m 

Angle of Twist (degrees) 
-1.178 
1.178 


Problem 3.05 TA * -51.733 lb*ft 

TB - -38.267 lb*ft 





3.C4 The homogeneous, solid cylindrical shaft AB has a length L, a di- 
ameter d, a modulus of rigidity G, and a yield strength t y . It is subjected to a 
torque T that is gradually increased from zero until the angle of twist of the 
shaft has reached a maximum value 4> m and then decreased back to zero, (o) 
Write a computer program that, for each of 16 values of (j) m equally spaced 
over a range extending from 0 to a value 3 times as large as the angle of twist 
at the onset of yield, can be used to determine the maximum value T m of the 
torque, the radius of the elastic core, the maximum shearing stress, the per- 
manent twist, and the residual shearing stress both at the surface of the shaft 
and at the interface of the elastic core and the plastic region, (b) Use this pro- 
gram to obtain approximate answers to Probs. 3.95, 3.113, 3.159, and 3.160. 


SOLUTION 



AT Q/ygfT or Y/f-L O 

7~_ o- ^ _ 'LL tz 2 

Y~ r * > 



ILL. 

GJ 



ILL. 

sC & 



30-0) 

EO.(z) 



&U- <=./= 7WIS7 For.' 4»A 

7W at /e- 


gUPeftffrSf /.OfiP/M AVI Ut U 6 *D}m6 

c£*C> 7 -n <£-3 4\, OS/»d 0.2 4>y / 

$<4 y ! 7f ft* j d 

U5JF Cy US * 

Vzz 

I 



CONTINUED 





PRORI.EM 3.C4 - CONTINIIFTl 

IN7Eff Birrwf*/* 

wti't r -"7 

i fMifiS <3 

-■ //'S' /<-*'/*£>. / 

Problem 

3.95 






1 

PHIM 

TM 

RY 

TAUM 

PHIP 

TAURl 

TAUR2 


deg 

kip* in. 

in. 

ksi 

deg 

ksi 

ksi 


0.000 

0.000 

0.750 

0.000 

0.000 

0.000 

0.000 


0.417 

2.783 

0.750 

4.200 

0.000 

0.000 

0.000 


0.833 

5.567 

0.750 

8.400 

0.000 

0.000 

0.000 


1.250 

8.350 

0.750 

12.600 

0.000 

0.000 

0.000 


1.667 

11.133 

0.750 

16.800 

0.000 

0.000 

0.000 

■+ — T^-!2 

2.083 

13.916 

0.750 

21.000 

0.000 

0.000 

0.000 

2.500 

15.871 

0.625 

21.000 

0.124 

1.042 

-2.949 


2.917 

16.865 

0.536 

21.000 

0.392 

2.822 

-4.449 


3.334 

17.423 

0.469 

21.000 

0.725 

4.568 

-5.291 


3.750 

17.760 

0.417 

21.000 

1.091 

6.111 

-5.800 


4 . 167 
4.584 

17.975 

18.119 

0.375 

0.341 

21.000 

21.000 

1.476 

1.871 

7.438 

8.572 

-6.125 

-6.343 

•+ — 7*i - /<# k)p ir>. 

5.000 

18.219 

0.313 

21.000 

2.273 

9.544 

-6.494 


5.417 

18.291 

0.288 

21.000 

2.679 

10.384 

-6.602 


5.834 

18.344 

0.268 

21.000 

3 . 087 

11.114 

-6.681 


6.250 

18.383 

0.250 

21.000 

3.498 

11.753 

-6.741 


Problem 

3.113 







PHIM 

TM 

RY 

TAUM 

PHIP 

TAURl 

TAUR2 


deg 

kN*m 

mm 

MPa 

deg 

MPa 

MPa 


0.000 

0.000 

25.000 

0.000 

0.000 

0.000 

0.000 


9.524 

0.785 

25.000 

32.000 

0.000 

0.000 

0.000 


19.049 

1.571 

25.000 

64.000 

0.000 

0.000 

0.000 


28.573 

2.356 

25.000 

96.000 

0.000 

0.000 

0.000 


38.098 

3.142 

25.000 

128.000 

0.000 

0.000 

0.000 


47.622 

3.927 

25.000 

160.000 

0.000 

0.000 

0.000 


57.147 

4.478 

20.833 

160.000 

2.837 

7.942 

-22.469 


66.671 

4.759 

17.857 

160.000 

8.960 

21.502 

-33.897 


76.196 

4.916 

15.625 

160.000 

16.575 

34.805 

-40.313 


85.720 

5.012 

13.889 

160.000 

24.946 

46.562 

-44.188 

95.245 

5.072 

12.500 

160.000 

33.733 

56.667 

-46.667 


104.769 

5.113 

11.364 

160.000 

42.764 

65.307 

-48.325 


114.294 

5.141 

10.417 

160.000 

51.946 

72.719 

-49.475 


123.818 

5.162 

9.615 

160.000 

61.225 

79.116 

-50.299 


133.343 

5.176 

8.929 

160.000 

70.569 

84.677 

-50.904 


142.867 

5.188 

8.333 

160.000 

79.959 

89.547 

-51.358 


Problems 3.159 and 3.160 







PHIM 

TM 

RY 

TAUM 

PHIP 

TAURl 

TAUR2 


deg 

kip* in. 

in. 

ksi 

deg 

ksi 

ksi 


0.000 

0.000 

0.500 

0.000 

0.000 

0.000 

0.000 


5.157 

0.491 

0.500 

2.500 

0.000 

0.000 

0.000 


10.313 

0.982 

0.500 

5.000 

0.000 

0.000 

0.000 


15.470 

1.473 

0.500 

7.500 

0.000 

0.000 

0.000 


20.626 

1.963 

0.500 

10.000 

0.000 

0.000 

0.000 


25.783 

2.454 

0.500 

12.500 

0.000 

0.000 

0.000 


30.940 

2.799 

0.417 

12.500 

1.536 

0.620 

-1.755 


36.096 

2.974 

0.357 

12.500 

4.851 

1.680 

-2.648 

-* — ■£,' 3 

41.253 

3.073 

0.313 

12.500 

8.974 

2.719 

-3.149 

46.410 

3.132 

0.278 

12.500 

13.506 

3.638 

-3.452 


51.566 

3.170 

0.250 

12.500 

18.263 

4.427 

-3.646 


56.723 

3.196 

0.227 

12.500 

23.152 

5.102 

-3.775 


61.879 

3.213 

0.208 

12.500 

28.124 

5.681 

-3.865 


67.036 

3.226 

0.192 

12.500 

33.148 

6.181 

-3.930 


72.193 

3.235 

0.179 

12.500 

38.207 

6.615 

-3.977 


77.349 

3.242 

0.167 

12.500 

43.290 

6.996 

-4.012 




PROBLEM 3.C5 



3.C5 The exact expression is given in Prob. 3.64 for the angle of twist 
of the solid tapered shaft AB when a torque T is applied as shown. Derive art 
approximate expression for the angle of twist by replacing the tapered shaft by 
n cylindrical shafts of equal length and of radius r ( - (n + i ~ \){c/n) t where 
i~ 1, 2 Using for T, L, G, and c values of your choice, determine the 
percentage error in the approximate expression when (a) n - 4, (b) n = 8, 
(c) n = 20, (d) n = 100. 


SOLUTION 




F/zor, F&z- IX*CT #*?"****» ; 

. _ 7TL 
^ tzirs-K 1 * 

f = (Wv)^y •a./a 5»*Z& 




u 


I— I 


Cos/s/pt?fi yyptcAf- C & sm&fT 



v*tr vfiu*?* LjCF, *c . ^ 

( /VotjA: vfinues c 

jf/VT^r? /s//7>*u Vfico* ^ 

FftT£R - 7 ) ~ rtUMEer*. ayu^pG/cfU- SHOOTS' 

Foa l Tt> ; vrp*rr 

czj> « -f- A <4* 

&L>7/?v7 &/= F&&J /g/f-yv*-? 


COEFFICIENT Of TL/Gc"4 

Exact coefficient from Prob. 3.64 is 0.18568 
Number of elemental disks « n 


n 

approximate 

exact 

percent error 

4 

0.17959 

0.18568 

-3.28185 

8 

0.18410 

0.18568 

-0.85311 

20 

0.18542 

0.18568 

-0.13810 

100 

0.18567 

0.18568 

-0.00554 








PROBLEM 3.C6 



, n ? c ® A t ° rqUe T is a PP ,ied as sh °wn to the long, hollow, tapered shaft 
°* un “ orm thickness t. The exact expression for the angle of twist of the 
shaft can be obtained from the expression given in Prob. 3.153. Derive an ap- 
proximate expression for the angle of twist by replacing the tapered shaft by 
n cylindrical rings of equal length and of radius r, = (« + /- })(c/n), where 
t - 1, 2, n . Using for T, L, G, c and r values of your choice, determine 
m C approximate ex P ress >on when (a) n - 4, (b) n = 8, 

SOLUTION 

7W Lo*<Z c «l } & 

Js 3 A* All firNQ C/tH U£ir £ /I s: r-Vf TM/*?# A/Sf'f 

<r-r 7/if Y) t QfN6S, 

_ C<* 

^ /*»£>*■ ~- j — =• 




MU 


Jf (tmQrf « (xrrq t)^ 27 Ti r/ 

Zl '*) 

U »'T vetoes /Ton 7T/ y <sj t, n»p < 

(//a7i: !'/U U i-T C/V* £*■ i-H7C'2tO /j? £>f.e//Z&o) 

/A//7//1L VfiCUf &/C l& P&& <£> 

£?y_ 7/F # ">?« £71 cVif+WUeAL. G//76S 

/~£>n L - 1 70 yj^ UPD/+7/r <$> 

<rp sr + A 

< C/UTP^7 &/? f&osxti/n 

COEFFICIENT of TL/Gtc'*3 

Exact coefficient from Prob. 3.153 is 0.05968 
Number of elemental disks « n 

n approximate exact percent error 

4 0.058559 0.059683 -1.883078 

8 0.059394 0.059683 -0.483688 

20 0.059637 0.059683 -0.078022 

100 0.059681 0.059683 -0.003127 


U 






PROBLEM 4.1 

2 in. 2 Sn.2in. 

I - *[* * j M - 23 kip - in. 


4.1 and 4.2 Knowing that the. couple shown acts in a vertical plane, determine the 
stress at (a) point A, (b) point B, 

Y 

YTTPIAXT ^ 


SOLUTION 


2 in. 

1.5 in. ( 


<^J hs 


For reck X r Tt. ^ ^ | 

For cross sec-4 »ow area. 

I x I, + I, + I, r ^(sK'/.S) 3 - £ XI. 2S* m 

. _ 4 /r - My* _ ( 25 )£?. 7-5 J ? 30 l«- -«Mg! 

(al y A = - ~ 2 ~ zs.w 


(W) yg = o."w* in 



PROBLEM 4.2 


M = 500 N • m 



A ” 1 I'B.SSi 

6 T - - £ly« _ ^)( 0 > 7 S-) r _ 0 - 65*0 Usi «ntf 

* 1 2B.85V 

4.1 and 4.2 Knowing that the couple shown acts in a vertical plane, determine the 
stress at (a) point A, (b) point B. 

SOLUTION 

yv - ol^ ■» 15” Wl-H = j£“ l ' v ** v ’ 


Cal = 2o *.»> - O.oao »■, 


y e - IS’tXHr, - 0.01$ m 


- $S. yo3 x/D 3 mm 11 - 2S.1o3*Io 

. CToo )(Q.Qlol 
b A r " I ■ 85.W3X/0" 

rr _ U6.H */o e Pa. * - Ilf.** MPa. 
~ Mv, (5 -ooXo-Q's) 

^8 ' " I ‘ $$.103* ID" 1 

r _ J 7,3 x/e‘ P«. e - 87.3 MPa. 




PROBLEM 4.3 

y | 18 mm 


43 The wide- flange beam shown is made of a high-strength, low-alloy steel for which 
Of - 345 MPa and % - 450 MPa. Using a factor of safety of 3.0, determine the largest 
couple that can be applied to the beam when it is bent about the z axis Neglect the 
effect of fillets. 


SOLUTION 


C 360 mm 

— 10 mm , | 


\*~ 250 mm — | 18 mm 

I* ■ ik OoX&y'f * 


© ,3*4 m* 


I, - ik bK 3 4 A/ 

4 (2.SO )(I2 \l7 1 ) Z 

- /3/. 706 *lo‘ 


I.’ 

I, = 

13 /. 7 06 */o‘ m 

I - 

I, + l ; 

L + I 3 r Z 9 I. 

6 * = 

Me 

I 

where. C - i 


FS. 

t iSoxlO t 

3 .o 


/? 2 . 3 M x/O ‘ mw 
v 


- < V 


= /So**! * O. 


= - (■ISOxlO i )C2‘1UixlO-‘-) _ XH » vlc> i N 

c " a /so 

- ZHZ kKJ-m 



PROBLEM 4.4 


18 mm 



43 wvdc-flangc beam shown is made of a high-strength, low-alloy steel for which 
Oj - 345 MPa and % “ 450 MPa. Using a factor of safety of 3.0, determine the largest 
^ P C f mi ^ ^ apphcd 10 the bczm when lt ls 1x01 about the z axis. Neglect the 


4.4 Solve Prob. 4.3, assuming that is bent about the y axis. 
SOLUTION 




& 


k 250 mm -I "ml 


18 mm 




Iy* 2, + J t + J s - 46. 9oZ *10* 4 

C - 22? - I2S ~ O. \ZS ^ 

2. 

6*J> » r = ISO X Pa. 

K 5. 3. c? 


I, - ^(igX^oV 3 

- 23.43 8v/o £ 

■I* z n: (w)(io) 3 

~ ^7 x 10° 

I 3 * I, r 23,438 

“ 4£. 9o3 */o" C ho* 


6" - 


M c 


M - 0 £ 0 »/ 0 *)(K 'io3 */o~‘) 

^7 ' C " O.I2S - 

= S£.3x/o z N - st.3. kM-*, 


PROBLEM 4.5 
0.1 in. 



4.5 Using an allowable stress of 16 lcsi, determine the largest that can be applied to 
each pipe. 

SOLUTION 


Cal I - f (r,' 1 - r/1 - $(0.6’-0. S*)- S3. 1 xIO^ 

C - 0. & in 

ff- Me . M - <rJ . (I6X^.7 k/o 4 ) 

0 ~ *5“ 1 C O.G 


- /.VOS' 


kfp* <v>. 


(b) 



(msXiS^WQ- 3 ) 

0,7 


~ 3. \ 9 k<p • 




PROBLEM 4.6 



— - 1 00 mm *j 


C- » 40 


6 J$£ 


4.6 A nylon spacing bar has the cross section shown. Knowing that the allowable 
stress for the grade of nylon used is 24 MPa, determine the largest couple M, that can 
be applied to the bar. 

“ r SOLUTION 

30 mm ^ 

= 

— - it (l°°)(8°) 3 - * 3.W«*/o‘ -I*' 

= 3. 45^* /o’ 4 ^ 4 

, r 0.040 r* 

_ £1 (g<tf>0«')Cs.SgW» gl). , »/.*, 


0. O4o 


S 2. 38 kN* "o 



X 


PROBLEM 4.7 



SOLUTION 



4.7 and 4.8 Two W 4 * 13 rolled sections are welded together as shown. Knowing 
that for the steel alloy used Of - 36 ksi and a v - 58 ksi and using a fector of safety of 
3.0, determine the largest oouple that can be applied when the assembly is bent about 
the z axis. 


Pfope-riTas o $ W 4*13 rotiecl serf ion 
See fapp*** i x B 


3.83 m* 
Iy - IL 3 ia t 


Dep4 l> s 4. 16 i« 


For one roAPe<^ S€c-4rov» J Moment o-f irt er“l*r a*. oJoorf O^CAS ** 

j" ■» I K + At) 1 - II . 3 + (j.ssXa-og)’ - 21.1,7 \« i 

Fo/' 5 e rfit>* «. i* * 2 1*, * 

C = Jepih » 4. 16 i* 


6jf * - IS.SSSi..- 

M .. _ 51./ X . ( |<?.333 )C^-S-.7*n 
n<JP C TTJ2 


r- - He 
S- - -J~ 


ZSi^t kip* i*i. 


PROBLEM 4.8 



4.7 and 4.8 Two W4 x 13 rolled sections are welded together as shown. Knowing 
that for the steel alloy used Of » 36 ksi and = 58 ksi and using a factor of safety of 
3.0, determine the largest couple that can be applied when the assembly is bent about 
the z axis. 


SOLUTION 


rr i n “f . . . t . 

| | J 2,080 Pro perries cn W 4*13 m/Jed seer to 

— I — c - ^ ^ See Appe**Kx 6 

| ,, *,o3o 

''?■==$ W-JJ U_k. t Art** 3.S3 WrrfU * 4.060 i. 

it U I y - 3.S6 ;* v 

For on <f f'oWcA secA'KO'*^ <y*f in erf? A, «.koO"f a.xi v s »s 

It - Ij 4 Aef* - 3. #6 4 (3.33 )(2. 030)* - 19.643 »V 

For loo+K SSe-ii^s I 2 = «£ I fc r 3?. 226 i* * 

C. - Wi'olfA - 4* 0&O tw 

6Ji - « P~ -- ».% 33 fa; & = 


6wi %.• g> -- "•«» 6- = ^ 

- C |?.33a)C34.386) s / £; p . 

^ " 4.0<o 


p - 1*7 





PROBLEM 4.9 


4.9 through 4.1 1 Two vertical forces are applied to a beam of the cross section shown. 
Determine the maximum tensile and compressive stresses in portion BC of the beam. 



SOLUTION 


® 25 mm 

3-i 


i4kN I 4 kN 


300 mm 300 mm 


F JpT A ' -- f r 1 . f («)*-- w.i •' 

L^).„ 5 . -H - <§>P- -«» - 

| 4KN | 4kN ® bh * C^oXaS) * 

1 3* H T. _ h 25 _ 

r| ~ ~ s ~ ^ " “ > < • C? mm 

300 mm 300 mm ^ I! : 4 _ («?9K7X>6*6to)4 035o)(- /2-5^ 

a a,+ A r = is/. 7 •*. ia.ro 

r — 3 . 33^ 

I, = I*, - A,^, z = fr v -A ( ^*= ^(as)*-(w.7)0o.sio? = w.s 8*#/o‘ 

4,* zj, - ^ = lO.CIO - (~2.33i ) * IZ.9VH 

I, - I ,- * A, «>,*■=■ H3.2U.* to* +(<ni.7)0i.m) x - 207. 3S */o 3 »' 

I 4 * (So)(a5) 3 s £S. \ 0 H*IO* vnw* 

di * I * I - IZ-S-(-?.' 33V)) * 10. IC6 »>>* 

I*- !* + A,^** ei'.iovrio 1 * U2SoX\o.u&)'- * is*. isax/o 3 *,*“* 

1 = 1, + 1* = *fOI. 1C *|c. 3 w.*, H = 4-o|.l£ x/cf'* IM 1 * 
y+^ - ^ + a. 334 » *7.334 wm = O.O* 7334 k, 
n^. * -%S-t2.i3i r - £66 •* -0. 02*C<;6 m 

Tk IP M-Po-= o M= Pa.= (4*l0 i )(3o£>»-/C>'X 

r~ -"i *\M = uoo w-m 



6L r - l±l±i . 
X 2 


SU' 


(i^ooKQ.P^iSi) 

Ho Lie, > -to-’ 


(\2oo'l(-0.oZ2Cec) 
Ho 1 . 16 . «lo-' 


= - S/.76 *te>‘ Pa 
= - S I. -s MPa. 

= GJ.ZO'IO* Pa. 

3 £7. 8 MPa. 






4.9througM.i7 Two vertical forces are applied to a beam of the cross section shown. 
PROBLEM 4. 10 Determine the maximum tensile and compressive stresses in portion BC of die beam. 



I, " ikktf* A,J* * ij( 2 X^ 3 + (i?Kr) s - 12c 

= ikktf* A t Jt* rsC'OOf * OsXa.X * 7 s 

I - I v + e \ 26 + 78 * ,2oV m* 

^4. p r ^ s “ 3 m. 






1 


PROBLEM 4.11 

j-*- 8 in. -*-j 

T t 1 " 

4“;, 

u ^ 


4.9 through 4. 1 1 Two vertical forces are applied to a beam of the cross section shown. 
Determine the maximum tensile and compressive stresses in portion BC of the beam. 

SOLUTION 


1 25 kip 

B 


25 kips 

C D 



A 

__y^ 


CD 8 

l.S 

(SO 

d> £ 

4 

£4 

® 4 

0.5* 


^ IS 


8£> 


y - j?£ - 4.77S «r. 

1$ 

4.77 8 »« 

oJoc»/ e. 4“ke 


T~ 1 
3.122 

Y.77* 


i, = A,<C* + C8^.7 2! n l 


- 59 . yv 


I t - &bA i + V> iflXt) 1 * ^(o.-rrs) 1 


- 21. *3 '•»" 

i a - tV b.h? + + *- 2nf s 73 -^ ¥ " 

I = I, 4- I t + 1 3 r ^9.91 4- 2 l-63 * 73.St ’ 155". /C l-i Y 

fa = 3.WX. ,/w ’-4.778 

| P ^ M " POl -- O 

■ j J y\ = Pol = - 500 

<p *— CL — ►! 

<r = - !t - - GSttcO(3JmV _ _ /0.3S Jcs,* 

" 2 “ isr. i4 

<cr - - M_Vu „ „ (^00^^778) «... Ig.Ho ksl 

uut “ T ~ 1ST. 14 







PROBLEM 4.13 



(He 

l Hr 

o*is 

© 

3ft ww 

... 4 



cz 



4.13 Knowing that a beam of the cross section shown is bent about a horizontal ax is 
and that the bending moment is 8 kN • m, determine the total force acting on the top 
flange. 

SOLUTION 

Th* sHess over the 

cross secHom is given ty He bending sHcss 
•P©r nnvjJa. 

^ = - -zjF^ 

where y is a. tooted i t\ cd*e. wiH Hs ovs’gin o* 

He neuf rai axis and X is He df inevdY*. 

of He eHtVe saohionaf area.. The force 

or He shaded f'Jjp cat coStoded •Pratv H»‘s -sfress 
Ji's+ribahoii, Over aware©. ePe****^ dA He -ferae is 

d F - SJ dA «• - dA 

The ioiai -force o»a He shaded area. is -f-heuj 

F=pF -- -- -£SyJ A , .§ }V 

whare »s He cen*fiN?fd«^ coardiK<tH csf He 

shaded por-fiain and A* »S ifs are*.. 


I, “ iVL.V»f A A, 4* * ^(tsXis) 3 + (zrXl^M 1 e I.033C 8/0* 

I*s * itOOM* ® O./ISIX/O 4 ™^ 

I 3 - I, r l. 0336 */o‘ mm" 

If I,+ I t +I 3 F *. IZI/xlO C m*? -F ^.ISIIxlO~ e ^' > 

A* r (ys'Xisl F 1125 mm 1 = HiS^lcT*' *> l 

s 30 mu, ■» O. 03© )*■ 

_ My *A _ ( gx(o 3 )(o.Q3<A0i?5' x|o' f ) 

I = 2 . IS II x|CT* 

- - 123.8 xio 3 N - - 123.8 kW 




PROBLEM 4.14 that 

y pon 

rUMTlSmm SOLUTION 


4.14 Knowing that a beam of the cross section shown is bent abo&a yerticalaxig and 
that the bending moment is 4 kN • m, determine the total force acting on the shaded 
portion of the lower flange. 


I *15 mm | 

c 45mm The. s+ress o^ev* Me 

ZZJMZ±^ 5mm cross se»ko» is give* by He btndfnj fftrat 

\* — 75 mm —I no oJa 

- _ J±* 

| sj )s a. coordinate. »'+* o**'3 

r—J r the neutral a-xis and I is the moment of meH'l'ft. 

of fbe e^ftVe cross az-ecc. Tbe "force 

@ c« +l>e sl'adad i's c.*.tco$ahd $N»n +•«« s+ress 

<h‘s+fikofi«»H. Over aw area ePemont d A the three <S 

C$±3 d F= - ~^JA 

He -htal fo^ce o/i He sU<l«J area is Hew 

F=IJF -- -£<J*JA - -fiyJA . -f J*A* 

y* is +S>e centroid al coordinate 0 + He 

shaded p«r+t«M and A* ' s i4s area.. 

I, - ^^-3 - i05)(7jf - 0.«73‘fWO c **.* 

1^-4 M* ’ li[Cw)Ofl* s 0.0I2S* x/O* •*>*>'' 

la - I, - O.A'J7 3 x|0"‘ 

I = I, + la + I 3 = I.OC72 *I0‘ m"' •* /.0£7« 

•» A* - (37.S- 7 .s)('S) - tSO xi« V *- tSOxlO m 

5 

| - i(37.5" f 7-^) ■*• U5 - 0.OX2T M 


V> 

§ 


r © 

« 

D 

1 0) 1 


/. OC.72 *ld‘‘ 


F ~ 


?.r * . 1» 

(US 


^y*A*_ CH-yicPYo-oMstCtSOxlo 1 -) 
j r l.oe7^y(o-‘ 

37 . 9 ylo 3 N ~ 37.1 kN 



PROBLEM 4.15 



0.8 in. 0.8 in, 0.8 in. 


© 


4.15 Knowing that a beam of the cross section shown is bent about a horizontal axi s 
and that the bending moment Is 3.5 kip-in., determine the total force acting on the 
shaded portion of the beam. 

SOLUTION 

0.4 in. 

In. The sfrtis He «*+»>« 

0 . 4 in. cross seef-t'or is gfVe* t y "Hie bending sfvess 
muJa. 

where y )s a. 6oorc//H«*f*fc wi+h f4s otM'gtn 0* 

He neo^rat odcis ar\A X »* He mewterff <sf iner+te. 
of He cHiVe cM see fa'onaJl a***.. The -force 
on +he shaded -Prat* +hr$ s+ress 

d i S+r i IdoK on . 0 ver av* area. f cM He *A?rcc * 5 

dF- s* dA *• 

Tit* 'kd'af f-o^ce or He shaded area, is Heui 

T^JJF « - -fiy^A . -MjV 

W^®re y* He ceiHrofdad coordi*K4^ of He 

shaded p ©r-Kon and A* i5 iH 


I, + 1, - Ij - T2 b < b <* 4 « *».C + 

T 4-(o.sXo.C) , + ^0.8)(t.‘lf + ^(0.8 Xo£'1 3 = 0.21173 







PROBLEM 4.16 


4.15 Knowing that a beam of the cross section shown is bent about a horizontal axis 
and that the bending moment is 3.5 kip-in., determine die total force acting on the 
shaded portion of the beam. 


4.16 Solve Prob. 4.15, assuming that the beam is bent about a vertical axis and that 
the bending moment is 6 kip-in. 

SOLUTION 

The sHesS otfev* the e*+»V« 

cross see4ioin is g/Vem by "Hie- bevtelfrtg s,*We^s 
•PojA IVIO Jo. 

— iiy 

whez-e y is cl coof^A i wifh Hs on 

fhe heo+r&t eon's ar\A X is He nom&f of 
of He eHtVe ci^ss se&htoHaJ ai^eou. The -fo^ce 
o<* He s UaAzA is c *.HcoJ/cAtA H»'s sfress 

JtsHihoh'oti. Over av\ aWo. e^e**«*f A A /3 

dF * s; dA ^ --^dA 

The bestedl -fo/vre o^i He shaAsA GV'-ep. t'-s 

F-^JF -- -- 

whe-re jf* IS He cGn+roiflW cooi'H***® df He 

.sh^eJ p 0*4*1 014 an^ A* fS i*fs o^eA. # 

X- l,+l t *x, - i b,b‘ 1 4 A £ u/ 

= Is (O-^XO-S) 3 + tV(0.«X2^)* + T 1 ?(o.H)(o.i) i r 0.7X53 m* 





^*A* - jLA,, A j? t A fc 

= (O.x^o.hXo.h) +ta.c,)(.o.s)0-x) 
= o.Mt 

p - M^A* _ CcKgjgjjO _ 

h ' J " 0.7X53 


2. OS k.'p 3 






PROBLEM 4.17 


4.17 Knowing that a beam of the cross section shown is bent about a horizontal axis 
and that the bending moment is 6 kip*in., determine the total force acting on the shaded 
portion of the beam. 



0.25 in. SOLUTION 


0.25 in. 


| jj pF 


”■ The « tress <}fs+r> bdtiow oJer the entire 

cross xeeJ-Vo* is gjVen fey *Hie binding S'W'ess 

.0.25 in. 


0.25 in. 


<S; = 


ate 

1 




wfeere y is a. coef'di **sfe. w» •fefe iis ©vn 3 in o n 
ffee ne of rat fit xCs ar\ A X is ffee mowewf tff tnet^b'<\ 
o"f ewiiVe cr+ss sec^t'e>u\aJ en^ecc. Tfee -force 
ow fke sfetuJeJ & caietJ.Patad -fVtfM* +fers stress 
is+rifeoh' 0 *. Over aw are©. ePo*»o«^ dA ¥he4vr£e is 

d F = SiJA * -~^dA 

The •b&kai fo^ce oia -|4»* shaded area. is -f-feen 

F -pF . -$qxM .-g-Sr# - -f JV 

wtare ^y* i«s -He c whtofJtJ coordi**d& csf •J-fee 
shaded p 0 f*h' 0 u cihJ A * <s rfs area,* 


* I, - I,. 

- ii(’-FX3.»l J 

* 0.7I&75 i« y 




j*A* * jiA + y k A b 


3 ^UKo^KO-K) + (o.Si)(o.ZS)( I.O) = 0.23*138 \ 3 


_ M.V*A* , (£)(o.«3«a) , 9 „ 

F - ~1 - 0.7,17 S - - L ™ 7 k 'r s 



PROBLEM 4.18 

JLlM 

^ C L5 |°' 


0.25 in. 


0.25 in, 


7 Torn. \ 


0.25 in. 



4.17 Knowing that a beam of the cross section shown is bait about a horizontal was 
and that the bending moment is 6 kip-in., determine the total force acting on foe shaded 
portion of the beam. 

4L18 Solve Prob. 4. 17, assuming that the beam is bait about 3 fitted tttig 80(1 tfiat 
the bending moment is 6 kip-in. 

SOLUTION 


Th« sHess He e*HV«t 

fey *Hi« bewdrnj 


cross secHo** is dive* fev He he*A%n<\ sfv-ess 


■PewA moJai. 

<c- - _ il* 

wfeere y is o. ceor-J fnasfe. wi+fe i+s on 

He het/f r*i *xis **A I «s He mowe^t of 
of ffee e*HtVe c^s Tfee -ferce 

on He si *cuAq.A \$ 

e^s+riU^W Ove^ aw a^a. eye^«^+^ t* 

dF = Si dA =r --^dA 

7%C id a.1 H<^e o* He sUded a*-ea is Hen 

F =5dF - - -f $V 

y* u +ke c«»+iM>fd«l coo/dinaH 0+ "He 

H«d«i por+iout «»d A* >'S (H oeea.. 


I -- I, - H 
= ^bV-ikMv 
GOO-sP-ikO- 4 ^ 1,0 ^ 


O 


© 




- O.Wf i 


l* 


3 * A* ’ 

= (o.37i"Xi5.*5'Xo.V5'l + Co.earXo.^ko.as’l 


r CX t &7 5* in 


_ Ky f A f _ (£)(o-wf2 * 2.57 krc r s. 

OMZTS r 


PROBLEM 4.19 
48 mm . 


Knowing that for the extruded beam shown the allowable stress is 120 
beap^'e^ 3 * 00 *** * 5 ° MPa com P reM ‘ on * determine the largest couple M that can 


38 mm 



“ jr 

48 mm 


SOLUTION 


4 

V*j ** 

A.Yo , *VI^ 


HZ 

a* i /** 

-IR9& 

30 

- 5S&8Q 

3SU 


tSZSOV 


/p-p4 Y " J Hff - — 

V axis ^*es SS. 0 4 mm oJbovt ^>o4foi«\.. 

* K-SC.o* » no.qc K\»*v 5 0,0*^ 0^6 K*l 
jfwt- - - s&.oy- * -'O.oj55e>4 Hy 

I, = K k 1 + Ad* - ^■(‘taX’S) 3 + ('«X o tCX7.O'0* - 3.7(73 */o* mm f 

I** nt'k}>t+ Ml!’* 7* 6«)(sO S -* (3 cX*£)CW.ot)* = O.ISZC* lo‘ mm' 

I* I, - I x * t.l H7 »/o‘ » Z8/47 */©"*»►,* 

isl-lf'l 

Top- Wo. owl. o 8.3 f.)0‘ tl-n 


Top » s‘Je M - - 

CO/^pr-e5j/#n M * 

M <sj> <* H« swia/Per VA/I 


tlo'XztWto'i , 767v(o5 n _ 

o.oSSoi L 1 ^ 

M*= Who ~ 7.67 \<W-w, 



PROBLEM 4.20 


4.19 and 4.20 Knowing that for the extruded beam shown the allowable stressis 120 
MPa in tension and 150 MPa in compression, determine the largest couple M that can 
be applied. 


j-< 80 mm »-j 


54 mm 



40 mm 





A, MW 

j6>, *"*> 

Ay tti> 

© 

2.U© 

21 

533*0 

© 

jo$o 

36 

33 330 

£ 

3240 


<77200 


y — ^ 30 

T 3lio 


tm n't 


TUe wecftv’a.JP avt's J?i es SO m* alw* ’Hv« ko*frov^. 


j - 54 - 30 = M mm - 0.021 Wv 

y u+ - -30 ^ * " 0.0 


j T +A,J, 1 - 7^- MCrMl 1 ♦ - S+H.32»l't> t 

J , bX+AA* * ii M(s-I)’ 4 * a>3. 2 H* | 0 J 


■* *» 


1- I, 4 I 2 7S$.\i*Kf 9 7SlM*fO * 

is i - i^i 

. , . ( \2oylo 4 ’Y7SZ.l<> y *° *j_ _ 3.77o3>io* Al^ 

foj>: +e*Std* /v » 0.02H 

* 10 _M. - 2'iqoB*lc> 

co^prtssro^ r l “ 0.030 

CU. He « vu 3 . 7 <f 08 -<o‘ M-v, - £71 ^ 




PROBLEM 4.21 

0.5 in. 0.5 in. 0.5 in. 
* I |"*1.5 inT | [*1.5 in*] |* 


4.21 Knowing that for the extruded beam shown the allowable stress is 12 ksi in 
nsion and 1 6 ksi in compression, determine the largest couple M that can be applied. 


SOLUTION 


1.5 in. 
0.5 inT^ 





A 

Vo 

Ay. 

) 2.25 

\.25 

2 .S /25 

) 2.25 

0.25 

0 .S 61 S 

4 . 5 o 


SMS 


J _ 3,375 n -- . 

Tkc 5 0 .~JS i/i. Ipc'ff'owv. 

~ 0,1 S' - t. 2 S in ; s » 0 + 1 S i’/j, 

I| r lirkk* ¥ KA* ~ iir( ,s Xi* 5 ? + (x,zs)(o.s ) 1 ~ o. ^43*15 ;„ *• 

I* 1 iibtX 1 ' 1 ’ lk h-S)(o.S) S + (g.isKo.S) 1 r 0.60HS7S m* 

I ~ I, + I* r I.S e ) 37 S in* 

isi-i-eui m-i¥* 


Top* Compress i c n 
8o"fiow\ * 'hz*S»'c*\ 


. ».h 

M * “ *51-5* fcp-.H 


Choose He s^SJe^r *s M*i/ M*// - ?o.4 kip. i*\. 



PROBLEM 4.22 

— 80 mm H 



4.22 The beam shown is made of a nylon for which the allowable stress 24 MPa in 
tension and 30 MPa in compression. Determine the largest couple M that can be applied 
to the beam. 


SOLUTION 


d — 60 mm 





AjWH 

y 0J Mn» 

A^p ; l«« 

© 

2400 

45 

logooo 

<2> 

1200 

15- 

/ s ooo 

£ 

3&oo 


)2gOoo 


Thfi Y\eo\rVc*} avfe fccs 3S aJbas / C H* to jfo¥ 

^+0^ “ £0 " 3S ~ Z.S '■w**-? “ £2* &ZS j " ““ 3S " wh 55 -*0. 03iS* 

I, -- T* + A,d. 2 = Tz (80)f36? +(24oo)( I6) 1 = MO *l° 3 

I t ' A + A A = 72 (4oy3 0 ") 3 + (IZooKzo) 1 - - S7o * to m-, 1 

I - I ( + I z - TOK/0 J - w*©'’ w, 11 

icrl* 1^1 rH^I 

lop : +cms,-o* sills M- - 7SO 

Batto* : co« r u( f,, M * ( ^° > ' I ^1 ( A ?6X ' ' ~~ ' ^ A'-w 


_ Lgoxio^X/mxioA _ glf<? w . 
0.035 


C)i©ose s^dlfes' \teAje 


\A = g*W M- m 



PROBLEM 4.23 

80 mm- — — ►] 


4.22 The beam shown is made of a nylon for which the allowable stress 24 MPa in 
tension and 30 MPa in compression. Determine the largest couple M that can be appl ied 
to the beam. 


30 mm 


d - 20 mm 


4.23 Solve Prob. 4.22, assuming that d - 80 mm. 
SOLUTION 


Q 


40 mm 

J 

— 

1 

i 

|> 

© 







A ; v**-* 

y°j mm 


© 

2H0o 

65 

1 S&ooo 

<D 

o 

o 

o 

25“ 

So&oo 

J 

4Hoo 


206000 


- 204600 

Y„~ HHao'~ - *" M 


TVi« ovi's J\e% 44. 2Z "Vta button. 

y + - SO - VS. 82 - 33.ISm«*= £>.03318 ** 

y^t - - 46. SZ w*i * -0.046 Si 

I, - KK 3 + A^. 1 " - (s°)(3o) 3 i (ZlOO)(l%. IS) 1 - 0.^73 23 ^ 

1 1 - itb»A a d> ±(Ho)i*o)\(.z 000 )tzi.SZ) 1 - l-SG3S e |x'/o‘’ “ 
I-I,tl z - *.342 */O c r ^3l2»/o‘‘w’ 

H=|fl 




Top i fc^5t'o*3 s rd< 
Soifo-n • c cypres 5 f'oi 


M = ^0^0- 1^ , ■ 3 , 42 1/ QT«2 ,.50, * ,</ w . 

0.0^6 82. 


>n 


£li©ose 


M* t.S'Ol^lCf 3 - /.vTol kKJ-^ 



PROBLEM 4.24 


4.24 Knowing that for the beam shown the allowable stress is 12 ksi in tension and 16 
ksi in compression, determine the largest couple M that can be applied. 



SOLUTION 



* 0.4) 


A, = (1.6 - 1.28 i* 1 

Aj, * 5<>.d l - o.wn ;h x 

A = 1.28 - O.SS 27 = 0.8373 in* 

C 7 - Jic = MIML- n . 

- 31T 3TT ~ 0.2122 in 

1. 28 )(o.S'i -(0.3487 ")(£>. 2122) . ..... . 

<7.8873 ' °-‘ t931 «’• 


l7eo+y-».f «.*i\i -Pits 0.4831 /h cJoOKJC. *Ht« 


Mon e«t oT aJtei/i i~i\t lo* 4 -e 

Iw * = ^(/.eXo.8) 3 - |(o.s) T = 0. 243^2 

C.e.’n’ffoiia.S of ine^fiA 

I - I h - AY X - 0.24.3^2 - ('0.2273)(0.483/) 1 ' 

" 0.04)44 in'* 

^ " 0.8- 0.4331 - 0.3164 .V,, ^ = - 0. 4831,"* 


id - 


f 1 ' 


Top: ^en 9 /oM. s.W* M - (U Q ( a'|64 = I.S 61 k, f .iv 

compression M = - /. 372 Jo'p.j, 


Choosy, -f-ke stvs^We** '/a.Poe 


M - 1.37a. k.p.m. 







PROBLEM 4.27 

0.06 in. 



4.27 It is observed that a thin steel strip of 0.06-in. width can be bent into a circle of 

3 

•4 - in. diameter without ary resulting permanent deformation. Knowing that E « 29 

x 10* psi, determine (a) the maximum stress in the bent strip, (b) the magnitude of the 
couples required to bend the strip. 


M 


M* 


(Cu), 

0>) 


SOLUTION 

I * * £(0.06X0.005^ * QZS*10" X m* 1 

p = it) 9 i$r] ’ 0.37^ 

c ~ K * o.oo&fT m 

cr , F C . (£1 * 10*. r */0*/?*< *= 1^3.3 ksi 

m = j££ _ 0.0483 it,, 

1 1 A 




O.S75 - 


PROBLEM 4.28 



4.28 A 3 Idpm couple is applied to the steel bar shown, (a) Assuming that the couple 
is applied about the z axis as shown . determine the maximum stress and the radius of 
curvature of the bar. (A) Solve part a , assuming that the couple is applied about the y 
axis. Use E » 29 * 10* psi. 

SOLUTION 

(ou) Sevsdmtfj aJoenA 2 - 

I * dr tb* = £ (s.iKi.$) 3 * o.zs3i3 ;»* 
c. - ih - iC 1 - 5 ^ ’ °-' ]S in 


^ _ He _ (2«lD*)(o.7S-) _ a 

O - X ' tf.ifS'S • *’ 


, J± = 


^^lo 3 


pa* 

- g.S*? #Sl* 




tr ^0 1 w"’ 


r* " ex " cwxio‘Xo. *«'3) 

/o ’ *45© ,'h - ff 

Oo'l Be.«v.hnj a-taot/f n^-o.xi‘s 

I * fcV| S a ^ (i.s-Ko.'?)* = 0.041 

c = ih * i(o-i) - in 

xr s Jda - (3*loMQ.4r) | 4 .8|„|op S ; * )H.BI Us! 

Q I O.olllls r 

M 2xjQ? 


J_ 

/° El ■ (5Wxjo*)(0.01»IW) 

/O - gg| ;* - 73.4 ft: 


•s I. \3S x /£>”* ,'n 




PROBLEM 4.29 


<29 A couple of magnitude M is applied to a square bar of side a. For each of the 
mentations shown, determine the maximum stress and the curvature of the bar. 



X , ± L M_ 
r EX ‘ E ai 
iz. 


a m 
Ea ' 




PROBLEM 4.30 



4 JO A 24 kN-m couple is applied to the V200 x 46.1 rolled-steel beam shown, (u) 
Assuming that the couple is applied about the z axis as shown, determine the maximum 
stress and die radius of curvature of the beam, (b) Solve part a, assuming that the couple 
is applied about the y axis. Use£ = 200GPa. 

SOLUTION 


f-or W Zoo* HQ. 1 rolJeci set 

X* - ijS. 5 * (O * rwr** ~ 

45.S WO"‘ vW 

S* = 992 y )o* - 

VV8 Wo"‘ 

Ij - /5.3* /o* ■ 

IS.Z* 

Sy ~ IS ) x Id* wuv>^ ~ 

ISl Wo" 6 « ! 


(a) M z - XH kkt. ** t M*io 2 ^ 


6 \ - 


M 




-L - J± 34 * lo 3 


= - S3.C M Pa. 

- Z.QZ1»\<S* rv>* 1 


/° * £X *(30p*/o 4 )(<is:s‘xio~ ft ■) 

^0 * 379 

(b'* = 24 kKJ.K, r= 


6 r M. ? 29* fp^ 

^ S ' !?U fO' c 

_L , M _ ^v/O* 

/° £1 ’ (^KfO’X/S.Sx/cr*) 


- (58.“? W<5 C Pa, = IS8-1 MP<<_ 


7.8V wo' s *r' 


' 127.5 ^ 






PROBLEM 4.31 





PROBLEM 4.32 



CD ® © 
0^0 


432 A portion of a square bar is removed by milling, so that its cross section is as 
shown. The bar is then bent about its horizontal diagonal by a couple M. Considering 
the case where h ~ 0.9 h 0 , express the maximum stress in the bar in the form a m - Arc*, 
, where o 0 is the maximum stress that would have occurred if the original square bar had 
been bent by the same couple M, and determine the value of it. 

SOLUTION 

I -- ffl, * 21 , 

= hYijflh h 3 +C?V4rX ^ Vo - 2*1 1C h* 2 

§h k* - h ¥ 

C - h 

g- = _ _M b _ 3 M 

1 '(H.- 3 V 0 V,' 


i r\oX SCj oo 

^ 3M 


Vi = b„ , c = H, 


6" =• 


04k-31O ^ 


£ h»L 

< 5 = o.is-o C s 


C‘t^-(3)(o.i)h 0 )(o.‘}kJ-) 


- a. iso 


k - O.ffo 






PROBLEM 4.34 


4.34 A couple M will be applied to a beam of rectangular cross section which is to be 
sawed from a log of circular cross section. Determine the ratio d/b, for which (a) the 
maximum stress a m will be as small as possible, (b) the radius of curvature of the beam 
will be maximum. 


SOLUTION 


LeV D \>e, fhe dietvHefe* o' f ■floe -Pog. 

t) 1 = G 2 + d 2, d 1 = D 2 - 


x = iHd 3 


= 4r J i - Xbc* 2 - 



(fx'i (2X is* fin is yi r»<j 

A®’ b'B D 


d -- -f-D'-iD- * -jt t> 


i- = /x 

L> 


C 

jp - **pj — yO is k«.wr, JE is 

lo cl ^ 'j s too i »vi u ha of Id d ^ is no too j h-» 

(t ) 2 - d 6 » S fv\ i> HA . 


is no 0^1 m jKi 


GD^oK - 8d' = o d - f D 


-j D 2 - E~ 


- - 5 -D 





PROBLEM 4.35 
SOLUTION 


4.35 For the bar and loading of Example 4.01, determine (a) the radius of curvature 
A (*) the radius of curvature p' of a transverse cross section, (c) the angle between the 
sides of the bar which were originally vertical. Use £= 29 * 10 6 psi and o=0 29 


Fn>iw 4.0/ fv'] - 30 kip. m j I ~ 1.042. in 


(<x) ^ - 


M _ (3QX/0 3 ) 

El ‘ (^4x10^ 


- 973 x /0' C iV* 


r 


007 


1 n- 


(t'l = 3^ - z/§> 

r 3 ' 

^ ^ ^ (0.2‘?')(45'3>'A3 £ ) ,v'= f>'° 3Hlo ; n . -e 

(e"l 0 - - — - - ■ - 33o*/o‘ £ - 0.0 1320° 

Vajias p' 3470 


PROBLEM 4.36 
SOLUTION 


436 For the aluminum bar and loading of Sample Prob. 4.1, determine (a) the radius 
of curvature p ’ of a transverse cross section, (b) the angle between the sides of the bar 
which were originally vertical. Use E = 10.6 * 10 6 psi and v= 0.33. 


Fro»v> $<Xfr>f>Ji PfotJev* 4. 


x - ±L 
P ' El 


03.8*!O 3 


00.6x|O c )(U-47) 


i =■ \*. *.h 


- 70.5 y }d ~ 4 i h 


M - 1 03. 8 U'p * i * 


(a. 'I -±- r o,-L - (0.33X7 SS*lo-‘-) - 2H9»lo 


-C . 
IH 


/ o' - 40/0 i« - 334 ft 




00 


0 = ^ai!i _ _b_ _ 3 . 


310 *lo~ C \r*J “ 0.0464 


»' us 


/°' 


4o 1 o 


PROBLEM 4.37 



4.37 A W 200 x 31.3 rolled-steel beam is subjected to a couple M of moment 45 
kNm . Knowing that E = Zoo<Sfo / 0 = 0.29, determine (a) the radius of curvature 
A (^) the radius of curvature p' of a transverse cross section. 

SOLUTION 


Fo/- YJ 2.00 * 31 . 3 v*-°^e4 

T - 31.4^^ wJ - 3/-4*/o" t 

(n) i - M 4iTx70 a 

/° E2 ‘ (*0O*IO«)(3l.4xto- c ) 




»•*> 


- 7.l7^lo~ i 


-/ 




(t'i = (O.ZlX 7-'l7Wo* s ) = 2.07*16**?' 


4S / ^ 




PROBLEM 4.38 



4.38 It was assumed in Sec. 4.3 that the normal stresses a y in a member in pure 
bending are negligible. For an initially straight elastic member of rectangular cross 
section, (a) derive an approximate expression for a y as a function ofy, (b) show that 
(cr,) m „ ~ -(c/ 2 p)(< 7 I ) m «x and, thus, that c^can be neglected in all practical situations. 
(Hint: Consider the firee-body diagram of the portion of beam located below the 
surface of ordinate y and assume the distribution of the stress a x is still linear.) 

SOLUTION 


4 -ke lo&xi* by b aydt 

/ by L. 


q -- 4 


(Jsi*^ "lie CocJ y ^ 


c «x 45 1 


IF,= O 

vj 


6yiL + 2 5 <5; tjy si- 1 = o 


4 ---f s, 4 


B^ S’- - ~ 4 


<$- r i&lsfff. 
^ p£ 


£>* - ^ *T 


(y 1 -^ ) 


The M i Gy oc-c. Ot$ aj\ y 











PROBLEM 4.39 


Aluminum 



4-39 and 4.40 Two brass strips are securely bonded to an aluminum bar of 30 x 
30-mm square cross section. Using the data given below, determine the largest 
permissible bending moment when the composite member is bent about a horizontal 


Modulus of elasticity: 
Allowable stress: 


Aluminum 

70 GPa 
100 MPa 


Brass 
105 GPa 
160 MPa 


SOLUTION 


(-* — 30 mm — »-] 


Use aA>v«A <xs j-ke 

f] - |,0 ’• n d o*-*. 'HJ«* 

ft - r I OS /lo r \.S I A 


^ *'-'1.0 Fo r He. 4*^6. SSc-j'fdvi 

I, - *■ Af 

(5) 4 -ir 3 

=- -jf Q0)(6) + i.l-S)(3o)(&)(]%) 3 = ss.tfy/o 3 mm' 4 

Jr = T if r G7.5- Kto 3, mm\ - ?8 .2=5 Wo* m*,* 

I - 1,+ 1, + ^j - 2H.o$ Wo* mm' 4 - zw.ogxi o'' 

ld= ]J^I M - 

: n - l.o a y - - o. oiS ** j <S - loo * /o 4 

Brass' n- l-S^ y- 2l*~-= 0.07,1* > S- l&oxlO^'P* 

M - = i. 2W */o*w.K, 


(/.^Ko.o^O 

Choose "Hte 5*^4 $J! q*' Vaioe 


S’ I. 2*10 * /O* 

M- I. x/o 1 « l. 24 o i*NA*r 



PROBLEM 4.40 


4.39 and 4.40 Two&mk strips are securely bonded to dfl ftlurniwii p a bar of 30 * 
3 0-mra square cross section. Using the data given below, determine the largest 
permissible bending moment when the composite member is bent about a horizontal 


Aluminum 



> S 30 mm 


Modulus of elasticity: 
Allowable stress: 


Aluminum Brass 

70 GPa 105 GPa 

100 MPa 160 MPa 


SOLUTION 


[-*— 30 mm — 



Use Ck.$\Jv*y O &.S Vke /'e'TeV' a *V| 

in * I. O l aJliVM 

m - - XOS/lo - LS Wss 

Po/ formed section 

I, = - n.A.d* 

- •hr^ a °X t 'l S *^- 0 ^ 3 o X £ Yi«T - S2.26*/o 3 


I, - K ^ = 3£(3oX 3 0 ) 3 = / a/. 23T*/0* ^ I, = I, = 5-8. 8t WO- 


3 4 

» VOW) 


I * I, + I t + £3 =• *18.97 * /o'* w,*’ " *12.47 */o' n ►n’ 

1*1- l=£*l ••• M = fi 

AJWiWm: Y\= l.o ; \f r Zl - O.ozt m 6" » lOOxiO'Pa. 

M , 1.043 v/o* w-m 

(JoKoToXi ) 

Brass' K) - /.5 0 J = /5*>*> " 0.0/^ Mj S'- IZOX/O* ?c^ 

K = (l60>'/Q t ’X7ig-q7W0' ,> ) y ,0 s K/.^ 

0.5 HO. 0/5 ■) 


-9 v 


Choose j-ke. s Hi&JJe ^ vaiOe 


1^-r f.OHSxf o % - /.0<t3 kM-vn 






PROBLEM 4.41 


Brass 

Aluminum 


-ir 

6 mm 


"7 

30 mm 

J. 

p 7 " ^11 

6 mm 

1** — 30 mm — »J 



Jr 

© 

* 


*- 


Y\ 

\.s 

1.0 

i.r 


1 -- I, + l z + 1 3 - 

lOg X^O* 

1«?|* ]^) -•• 

M * 

»y 

AA>*n J n W\ * - |. O ^ 

Jl - 15 r*rr\ ~ 


4.41 ami 4 42 JFa ‘the composite bar indicated, determine the pennissible bending 
moment when the bar is bent about a vertical axis. B 

4.41 Bar of Prob. 4.39 


Use aPoHM rtow. as 

Y~) - \. O cJtov* 

r \QS /70 = US' ,** Uss 

*. - t W 

= 7 ^( c X 3 o) S =■ ZO.TSxlo 3 ^ 

T - ik. u k 3 

s 1£(&>)(2 o) Z - £7.S*{o* 

Ij • I, - ZO m as»io* ^ 

^ o »/ v 


, TO 

B^ass: n-i.^ ^ = /s' = o.oif^ J <sr- i&ox/o^ 

ttA ^. 06owo*)(lo8xIo' , ) w 

Q.eKo.o/s) - 768 


OVioose -H>e s^^Mes 


Kl - 7^o N- k* 



PROBLEM 4.42 


For the composite bar indicated, determine the permissible bending 
he bar is bent about a vertical axis. ■ 


Aluminum 
Brass . 


4.41 and 4.42 For the composite bar indicated, de 1 
moment when the bar is bent about a vertical axis. 

4.42 BarofProb. 4.40 



SOLUTION 


[-* — 30 mm — »-| 


<0 

3 


© 





4r 


\ 


Use aPovninom irele/ e/ re 
y'l -r 1,0 ' 'A <aA 

n - - JOS/ 7o - /.5* tws 

F<pr~ -fKe ■j-ra. stfc+to*'* 

' ML. b ‘ 


_ \.0 


' is.^xlo 3 


I z = ^bA S = - /a/. *5" 


.. S’ I 

Ki - — — 


| I 3 - I, ~ )Z.S y/o s 

i 

J = I, + I t 4 X, - l28.2S*IO s yr-.n H - M.ZS'lo"' 

teM^I 

n = l.o, j - IS - »m, = 0.015 *> , 6"= 100*10* ?a. 

_ 0ooyjo^(\?«.a^|0:!l. _ g56 - v-m 

O.o)co. ois) 

Brass : « = US’, _y = 15 ~~ = O.OlSw> i <5 = )60 x/<9 e P<*. 

(,60*10* lOwW*) ^ q v , m 

I > / i r— r,ir A 


Brass- VI - l-S’-j J - Jo m** = 0.0/6 O : 

OtovlQ- j(l?8.2r»IO-*') = q w . m 

1 (/.s Xo-ois*) 


PROBLEM 4.43 


4.43 and 4.44 Wooden beams and steel plates are securely bolted together to form 
the composite members shown. Using the data given below, determine the largest 
permissible bending moment when the composite beam is bent about a horizontal 
axis. 


Modulus of elasticity: 
Allowable stress: 


Wood Steel 

2 * 10 6 psi 30 x 10* p si 

2000 psi 22 ksi 


©<! 


JL 

Jj- 


n r 


SOLUTION 

Use w ooA c^s fie re4e/e*c« wiA/Ve/>'<s».>^ 

L — JL — J n ~ UO in wood 

3 in. I 3 in. 

W n-- £s/E w - 3o/ 2, ~ /S' i* S7<*+J 

-fv'* v'wPo'/'vtt eA sec-’f/OA 

Q U I I. * Ta^’ * - WO 

22 — I.. fAk' ' * as !.• 

„ Lpk 

,s X “ + + 1 1 ^«s*' 

161 - 1 ^) M " %T 

Wood r t> -» 1*0 3 6"” 2ooo par 

"■Mr* 1 " 

SW : n • IS , ySt* j &• n t»i - »»io' s p..- 

\*a = 330* /o 3 


05 X5) 

Ci>oc>s« He \teAie M - 330 */0 JL-i* - 330 k>p- i*. 


M - 

"X 




PROBLEM 


10 In. 


4.43 awl 4.44 Wooden beams and steel plates are securely bolted together to form 
44 the composite members shown. Using the data given below, determine the largest 

permissible bending moment when the composite beam Is bent about a horizontal 
axis. 

Wood Steel 

Modulus of elasticity: 2 * 10 6 psi 30 x JO 6 psi 

Allowable stress: 2000 psi 22 ksi 

SOLUTION 


Ose vJooo I as -He v*e-fft<re*ee 
H - 1-0 i«i wood 
n “ Ejj/Evv/ = 30 /X - in 



For He s eehi c n 

I, = Jo, 3 +■ n,A, tff, 1 

- +Osys)C-k)(>S.xj() t - mm i« ¥ 

i 2 - * -nr(«y i°f - soo 

Ij * I, -■ 1034.4 in f 

I = I, i». + x s = as 6? i» v 


Wood : 

n * u °) ,y r ^ ir> ^ 

<sr * %ooo f*i 


m “WT ■■ * 

L OX8 */o* Jl- iv> 

S+ee>? 

= IS" 3 y - S.S ; 

6“ = 2* k»i * ZZ*lcP"f%i 


^ _ r«i*to» )(*«**) 

1 OsX-s-O 

6 85* lo 3, A«t* 


Clioos^ Mp Sin\4,JJ±<r \J*Joe 


€>&T</o 3 it-U » CWT'kip-tV 



PROBLEM 4.45 

Aluminum 6 mm 

¥$st Pfrjfl _L 6 mm SOLUTION 


4.45 and 4.46 A copper strip (E c = 1 05 GPa) and an aluminum strip 75 GPa) 

are bonded together to form the composite bar shown. Knowing that the bar is bent 
about a horizontal axis by a couple of moment 35 N-m, determine the maximum 
stress in (fl) the aluminum strip, (b) the copper strip. 


— 24 mm -4 



Use H* ire^evrtc* 

ft -2 1.0 I 'A l) Wl 

£*/£*.= 10S/74T - 1.4 copper 




m A i 


'oAn/d.i *"»? 

© 

1 44 

m 


I27G 

© 

144 


3 

COM 

2 


34S.6 


1 ?oo.« 


r -34576 - 

TU **(«, i.'M S'. So wm +*>« 

1( - - an* — “ 

I, - ^(«)(^+(i.^Xa*.s)‘ - '*«■*"" 

1= X, * I, - i*” 11 * *f- o(,o%rio°' hi** 

(oO n = i.o y r ^ ~ • 5 ’- 5 ' s - 5 ’ m '' * °- 00iS '~' 

r~ (\.oYZS)(.O.OQ&) - rr * -CA-ft MP a . 

° "i " ‘i.onot^o -1 

(b) Copper 0*0.^ y - -SSrnm* - O.OOSS m 

nMv _ OdXM^SiM^l - £6.4*/o‘P*. - GC.4 MPa. 

D X 4.06<>g x(o-4 



PROBLEM 4.46 


Copper- 


Aluminum ! Omm suess 

: — r 3 mm SOLUTION 


4.45 and 4.46 A copper strip (£„“ 105 GPa) and an aluminum strip 75 OPa) 

are bonded together to form the composite bar shown. Knowing that the bar is bent 
about a horizontal axis by a couple of moment 35 N-m, determine die maximum 
stress in (a) foe aluminum strip, (6) the copper strip. 


(-« — 24 mm 


«oas (T 


Use aJuMAA.V *3 rk« 

D - I- C) t vi 

Y\ - Ec/H«. r IOS/lS - LH »vi 
T» A <xvis , fo^M^<sl stefi'©* 



A J 

KlAj w«n % 

y#j 

rtAy*, *** 


2.J6 

2 1C 

7.5 

icao 

© 

72 

loo. 8 

1.5 

151.8 

z 


3/4,8 


1771. a 


y - 1 7,7 L.1 « s.S^oq 

To 3)4.1 

T^e r*ev\rtiJI ay\$ J^ies & 5*104 ww afem/e ■fke 1 oo'How* 

I, * * vi, = zws . zmm * 

I** Ta b X 4 -- iiYn.o’tcnf . 1 7 sz.s *,«“ 

X = I, 4 I* =• 483* * 4.00* K/o"' <*.■' 

(a) A<Po*wVh>w. ! n * 1.0 ^ * la-^^lol * G. 40 «»/m»,* O.OOe^Oll 

- XLti*. . & P)(BSJ(0.Q01H* I), » ■ -S6.o MPa. 

I 4. 008 «• To 5 * 

(b'l Copper -* r> - 1.4 J _y = - S.&Olm* S - 0.0 OSS'* 0«! m 

g- , ■()-4 , )(*S)(;0.oag54q l t) r eg.fxio 1. Pa. - 68-4 MPa. 

v X ff.0©8*/o-* 




10 in. 


^ 5 X -y in. 


4.47 aad 4.48 A6* 10-in. timber beam has been strengthened by bolting to it the 
steel straps shown. The modulus of elasticity is 1.5 * 10* psi for the wood and 30 
x 10* psi for the steel. Knowing that the beam is bent about a horizontal axis by a 
couple of moment 200 kip-in., determine the maximum stress in (n) the wood, (b) 
the steel. 

SOLUTION 

Us«r wood a . s r* *4 p /•**•'' 

O wooe^ 

T) - Es/Ew r SO /us - 20 $»+ 

£€c-f( 01^ 




A 

n A 

y» 

ioAyo 

(b 

6o 

6o 

5.5 

33o 

® 


5o 

0.25 

15.5 



llo 


3n. s 


?. r 3 u%T' “ 3- IW »" 


TK 


* neu 




a.* i $ 


/?»'ds 3. im A-ltoof "hke 

I, * -jjf-kA** n.A.J,' - - ^•(6Xio) 3 4-(i.o)(c6')(?.3ac) t =• 

I, - £kA S + nA«C 5 = 

I * I, + I t - I ZSl. £ '«* 

(<0 Wood : H - l.o y - I0.S- 3. IN * 7.386 .'o 

g c - w M V - . (l.o)(2oo)(7.38i) _ _ , /?c? lfs: 

I IJ«. 8 


84/. 6 in 


(bl SW : n?2o y « - 3. .'n 

g. nMy _ (zoYzoo)C-3.iiH) _ 

X USZ-8 


9.<?4 Us, 



PROBLEM 4.48 

' 6 in. d 


2 xf in. 



2 X^ in. 


4.47 ud 4.48 A 6 x IO-in. timber beam has been strengthened by bolting to it the 
steel straps shown. The modulus of elasticity is 1 .5 x 10* psi for the wood and 30 
x 10 6 psi for the steel. Knowing that the beam is bent about a horizontal axis by a 
couple of moment 200 kip-in., determine the maximum stress in (a) the wood, (b) 
the steel. 

SOLUTION 

Ose wood a*, 4*)»e re-f «/-e*ce 
Y) ~ 1-0 in WOO cf 

n * £/£*,* 30 //.s’ * 20 ;* 

sec^*i'e*u 




A 

nA 

y* 

nA.v. 


€0 

€0 

5 

360 

© 

0-7i 

f5” 

1 

is 

0> 

0 .75 

W 

1 

IS 

r 


90 


330 


» 3. fit 7 

T\\c o-yTs 667 in. L'Afonn. 

r, - n.A.J' =• ■^feyio?+(eo)(i.as3?' * GO6.7 io* 

I* 1 I* = IT + MiA* * ^ (f )(*)* + (l S)(X.U7) 1 r 1 1 1 . 7 ; 

•I r X, ^ X 4 -v ~ £30 m ^ 

(cO W00J : n * /.o^ yr I0-3.U7 * €-333 /n 

g= - ^ - .i L±M^L33S2 „ _ ,.5*4 


(W> 5+eei : Y)- X 0 y = - 3.C6 7 in 

6- - - . (no )U°o X-iui' 

I ' tSo 


7.C7 ksi' 




■r~~ 


PROBLEM 4.49 


Aluminum 1 6 mm 


[*• — 24 mm — ►) 


4.49 and 4.50 For the composite bar indicated, determine the radius of curvature 
caused by the couple of moment 35N-m. 

4.49 Bar ofProb. 4.45 


SOLUTION 


Sec SoA4iow -ffc> PRo&LEM HMS -f 'or -H* Ait'o » o'V X 


j _ 35 

/° ’ Os<|O^X^oto8x/o-’ * O.IIHI* J 


r To ^ 


PROBLEM 4.50 


Aluminum 9 mm 


4.49 and 4.50 For the composite bar indicated, determine the radius of curvature 
caused by the couple of moment 35N-m. 

4 JO Bar ofProb. 4.46 


Copper - 


SOLUTION 


See snlu+tow V8$8LS*M 4. 4 -oA o$ X. 

J_ r Jl_ 2S _ „/ 

P ’ E+I ' 10^) r 3 / e ^ 


PROBLEM 4.51 


* 6 in. — **j 


4.51 and 4.52 For the composite beam indicated, determine the radius of curvature 
caused by the couple of moment 200 kip* in. 

4.51 Beam ofProb. 4.47 


SOLUTION 


5x{in. 


Set 5oJj+»*oh -fa TRo&LEP 7 -Po** caJco Acfj'on of J. 

J_ - M _ 200 * 10 * _ „ . -4 . 

P ' El = ,0& - 4 *' 0 ■" 

p - T3*?*, * 783 ft. 


PROBLEM 4.52 


|« 6 in. — *■ 


4,5/ and 4.52 For the composite beam indicated, determine the radius of curvature 
caused by the couple of moment 200 kip- in. 

4.52 Beam ofProb. 4.48 


SOLUTION 



Se-£ SoJv>~fiov\ P?O8L0K CaJcjie^io^ X. 

± Z JL_ * a°p».io» = i W .sv/o‘ 


2 x|im 


P £,1 (l-S x 10 4 X 836 ) 
p- 6ZZS iyy * &I1 ff. 



PROBLEM 4.53 


L6-mm diameter 



140 mm 




0 As 


180 


JT 

100 

lot)-* I 

± if 


4.53 A concrete slab is reinforced by 16-mm-diameter steel rods placed on 1 80-mm 
centers as shown. The modulus of elasticity is 20 GPa fix* concrete and 200 GPA for 
steel. Using an allowable stress of 9 MPa for the concrete and of 120 MPA for the 
steel, determine the largest allowable positive bending moment in a portion of slab 
1 m wide. 

SOLUTION 

- £*. . 222M& - to 
n Ec ' 2° sp«. * 

Co«s a ISO wide wi4V 

A s - 201.06 

n As ~ %.oio6 * lo 

L oc-aJ-e. He «ei Mis 
ISO X j - (| 00- xH 2.0/06 x/o 3 ) - o 
c \o%''+ S.otoCxio'x - zoi.oit/o 3 =o 


Sal «/.•«« 4,/. y v - -g. Q-IQ6 y to 8 + Jtt.oio&xicfiY +(H )(. 1 *Y 3 .° 1.06 *vo’ ) 

3 (*X*> ) ’ 


X = 37.317 Mm /Oo-x - &Z.to3 


I ~ ^(/S©)* 1 + 0106 *IO i )( loo - x ) 1 

= i63o)(37. 3*77 ) 3 + 0?.o/o6 *10* )(£.?. 6»3 ) l 
= Ii.oi2*/o c him 1 = l/.o/S y/o" 4, kh’ 


16") = •- M - 6 " x 




: n * / , ^ = 37.317 - 0.037317 m 6"- ‘H/0* p* 


M = ^^oOCn.oiSxior*) _ 2 te » i< 

0.0)0.037 317) ~ 2 * €5 ' S *' 0 N> 


Wi 


S+eeL* r> - J 0 j = 62.603 = 0.O6 J£q3 <5"^ I2oy/O i p*. 

M _ Ciaovio^Qi.oi^io- 6 ) _ .. 

M (1OK0.O67CO3 1 ■ 2JU0 ,0 

Choose Hx z»*A.ffer vaHuz H -Z.lljo x/0^ M-m 

Tkg aJoeVe is Hi toJJloMobh positive ~por a. ISO ^ .o Wicie 5 cHi’ 

po/. a. / ~ IOOO ***■> w/idH^ tatX.Pf't p) y by ~ 

M - (S.ZSl,)(2JU2Qxtd t ) -- U.73X/0 5 Ntk , 11.73 kk).»n - 




PROBLEM 4.54 


16-nun character 


100 mm 




»1S0 mm 


140 mm 



S p/uing *Po^ X 


4.53 A concrete slab is reinforced by 1 6-mm-diamcter steel rods placed on 1 80-rnm 
centers as shown. The modulus of elasticity is 20 GPa for concrete and 200 GPA for 
steel. Using an allowable stress of 9 MPa for the concrete and of 1 20 MPA for the 
steel, determine the largest allowable positive bending moment in a portion of slab 
1 m wide. 

Q HP 434 Solve Prob. 4.53, assuming that the spacing of the 16-mm-diameter rods is 

J increased to 225 mm on centers. 

r ^j SOLUTION 

' fl r ^ frfe- s /o 

C,oy'9tde*‘ a. sec-ha* 225 wide wiH> sj’ee^ v*aA. 

As ~ ol r =■ - 20\.Oi 

rr tfAj - 2.01 0 & * I o s ^ 

Locale hke nGohf'c.J 

“*■ -(/00- >0(2.0/06 */o 3 J - Q 

Il1.f* x +Z0l OCx - Zo/.ot'/o 3 = o 
^ - 2.o/ofexjo s ■»./(aro/^6xio^4>(*fy‘n? IsXao/.o* */o*) 

u)oi2.«n 


X — 3^.Z73 


OO-V - ZS.1Z1 


I - £(MS)x 3 + S.oio&xlo 1 Goo- *Y 

= ^-(«?K3‘).2T3)' 3 . U.OIO&xid)(6S.12l')'' 

- 11.705x10' ">»*' - ll.7aTx’/o' < m ” 


lei -- 


M = 


Cl 


Co«ore+«: l> J - 3H.273 ** - 0.0MW3 » > & • <?v/o* P<* 

• ”* ■« 

S+eeJJ • *7= lo ; y r 66.1X7 » * 0.06S7Z1 * , S' = 120 */0‘ P«, 

M r = 2., 370 '/O 1 

CioXo. ocsizi) 

Choose +ke S**\ A.Me*' Vai^c M * & 137© * lo 5 W* ^ 

TAe doove is H»c posiKpc. IW <*, ^25 ** u/filc 5 £<^“<cm 

F©^ a. I m • i 0 OO Sfio'Vtd^j MwJfipJy iy r 

M ~(4.MM4M)(^.I370X/0 3 ) r A/.^n - <?-£*£> kN-*t -* 






PROBLEM 4.55 


450 mm ' 




22-mm 

diameter 


[* — 250 mm 

|*- 25"o ->| 



•Solv/iw^ "far y 


? nCrete k 8 ® shown “ Ejected to a positive bending 
of 5 nowm g *•“* *e modulus of elasticity is 25 GPa for the 

concrete and 200 GPa for the steel, determine (a) the stress in the steel (b) the 
maximum stress un the concrete. ^ 

SOLUTION 

VI - ii - 200 5P« 

~ E t * is s?Z ‘ 

As - V- 4 «** ’ = I.SZcgxlo' Mm* - 

nAj - |J. 164 x|o s 

Locate fiie ntofro..? axis 
2So k| - (I2.UH*IO % )(‘UTO-X} = o 
125 X l + (2./64*70 s X - 4.3657 x/o £ = 0 

- I2J6#WC? 4-7(1 2.164* to 5 )* 4 (4 )(i;?5)(4.8657x/0 6 
(*">(/ 25) ~ ' 


X - 154.55 


WO-Y * S.tSmm 



I - ■£ ZSO X Z 4 ( /l. 164 x/O 3 )(40O -a')’’ 

- if (25 o')(|54.55) 5 4.(/2./64 m'XvtSAS )' 

- I.ofof x/o 1 ^ = 1.0404 *io~ s w* 

q- = -n±Ly 

I 

(at Stee^: 0/ 1 ~ 2^5.45 - -o. 34545 *, 

G---i^X^W^)(-0.24545) . 330 ^^, 

I.OIO* *l&* 1 r * 

(bl Co*cre4e .* jr - O. IS^SST >v* 

& |To 4o 4 x jo- 1 ^Xi.oxto Pa - 


* 33o MPa -* 


-36.0 MPa. 





PROBLEM 4.56 




SOO mm . 


__ 22-nun 
diameter 


4.55 The reinforced concrete beam shown is subjected to a positive bending 
moment of 175 kN-m. Knowing that the modulus of elasticity is 25 GPa for the 
concrete and 200 GPa for the steel, determine (a) the stress in the steel, ( b ) the 
maximum stress in the concrete. 

4.56 Solve Prob. 4.55 assuming that the 450-mm depth of the beam is increased 
to 500 mm. 


SOLUTION 


[*— 250 mm— *| 



Se/wrwj 4?^ X 


M - §* - 200 G?*. _ 

n * ft 2S &&. ~ 8 '° 

As* 4 -(‘OffKttf = 1.3103*10*^' 

rl/A s - it x;o 3 

ZSOX-* - 0z.l6^*io i )(‘4SO-x') = o 

125" /* + /S./fifyJo'x - S'. 4738 */<>*■ = o 

_ - I2./64 xio i +J(n.l6‘lxtJ)\(y Yl?S-)(S.H73?>x-/o‘) 


mens') 




I-S© =■ XS3.8I •», 


I - ^ttso'W 3 + 03. ICi«lo* Xvs~o- x) 2 " 

- iOs^X/66.r?) 3 +(iZ.I6‘/*io s )( z& 3. si) 2 


= I.3U3 k/o’ w,’ => l.3«3</o\' 

& - 

(a) S+eft?: _y = - 283.81 * -a 28381 *, 

(5 * - i^K ns^Y-o.^sn c ^ HP<1 

L3C2S *lo~* 

(b) Coi^efe' - I GG - 1^ h*** - 0. 1 66 19 rn 

6"* - J 1 - 0 ^ 17 ^;?* i«0 3 -^/,3x^o £ 'R t =-?;.3MPa 



PROBLEM 4.57 



1-in. 

diameter 


2.5 in. 

__L 


12 in.— 



XXf5 ® * 

♦ \2. 

nA. S ® 
SoiW -fuir X 


4.57 Knowing that the bending moment in the reinforced concrete beam shown is 
+150 kip-ft and that the modulus of elasticity is 3.75 * 10* psi for the concrete and 
30 x 10* psi for the steel, determine (a) the stress in the steel, (b) the maximum 
stress in the concrete. 

SOLUTION 


u, _ . 3o*/o‘ _ „ „ 

" ' Et * 3^io‘ ' 8 ‘ 

A s = 4 * H($) (l) t - 3. If/ 6.«*- 

nAj • 2S. 133 .•«* 

Loc&Ae +ke r>e^W*J Mis 

(30 XsXx + Z.S) t Uxf 

-(2S.l33Xl6-.if ~ >0 = O 

ISO* 4- 37S + Sx l - 41V. 6? 4-2.T./3 3 
Sx'*+ I75 - . I33> X -3V.G9 r o 


* “ o 


v - - H5. 133 + V0 75. 133 X + (4 )(0(M.M) 

°- a * £r *"• 

6.S- * * I6.Z7S m. 


£| * irW'Ii + ^,< 5/* = + (3^5)6. 12S) Z - WC.3 r‘n y 

I a s = i^X'o.jzs-) 3 = o.| ; n * 

J 4 = r>A 3 <J* = (2S. l33X/6.i7S"r - &6S1. I in’ 

I - “ 80S3.S m' 

^ K) My ^ 

o r “ wWt M- /ro kp-ft - isoo k;p-i«- 

(a.) S+ee$ r) - 8.0 ) j = -l£.Z7r 

6 - -- - 

8053.^ • ° 

(b) Concrete n* l-Oj J - 51 j« 

6-,- Ji^gsooUs.KS) s _ , )63 ksi . 

8083.5* 





PROBLEM 4.58 


-in. diameter 

O 


m - i 

n - 

2 in. 

t 

«*- 8 in. — *■ 

A, 

KM 

n A 



nA, 

Sol V/€ 'to/'* X 


4.58 A concrete beam is reinforced by three steel rods placed as shown. The 
modulus of elasticity is 3 x 10 6 psi for the concrete and 30 * 10 6 psi for the steel. 
Using an allowable stress of 1350 psi for the concrete and 20 ksi for the steel, 
determine the largest allowable positive bending moment in the beam. 

SOLUTION 

n = §. „ „ \o 

Ec 3/i o‘ 

A* ■= 3 * 3 ( - I .Bono 

nA s - | 8 .o 4 o ;«.*■ 

\-oc.cJct. nejTvt-A «Vi's . 

- (l2.c>io)( m-x'i - o 
4/’'+ IS. 040 & - 2S2.SC = o 

_ -18-040 -t-V + _ g ^ ^ 


W - x - i* 

I = £ 8 y 1 + nA £ (i 4 -*Y‘- = ^sXs.oosf + 0 8.040X7 . 41 s-V" 

= 1730 A i* 1 * 

is-/ - 1 ^| ••• m • ff 

Co*c,rtfe- Y\- >.O a = C.£>o5 »*-», - 135*<9 p* < 

M = 0 ^k 1 !ooF ) 1 = 3 H-/ 0 * - «’*■>•" 

S+cfi : n = IO J Ijl r 7 - °ns ) c = 7.0 *ic A p s ,- 

^ _ C?o/fo 3 ')(n 3 o-S'_) _ 4. 2,3 ^/ D J J.-/-, = 433 k-'p- i*> 

()o X7.44 5--J 


£j>o«s? -Mve s^&JJer v*A>< M - 381 p • i n - 3?. 4 k>p •~Pt 



PROBLEM 4.59 



10 -*| 
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cvKv'S 


TT 


x 

Ji 


4.58 A concrete beam is reinforced by three steel rods placed as shown. The 
modulus of elasticity is 3 * 10 s psi for the concrete and 30 x 10 6 psi for the steel. 
Using an allowable stress of 1350 psi for the concrete and 20 ksi for the steel, 
determine the largest allowable positive bending moment in the beam. 

4.59 Solve Prob. 4.58, assuming that the width of the concrete beam is increased 
to 10 in. 

SOLUTION 

n = £l , J 2212 ? = |o 

r 3*lo‘ 

A s = 3 Id 1 = = 1.80401 

r)A s - is .oho 

Locate +W 

\0 X ~ - (/S.^o)(|4-^) = O 

£y. x + x - XSZ.S& = O 

X = 

/4-X - g.47i »V 

I = ^0°)x 3 4 (|g.DVo)(g.^/7/) 2 ' 

= 1 257.*? 

Kl- M-f 1 


14 


So Joe. -loir % 


_ - 18.040 + f 08-040)’--* {HY.SX-ZSZ.S& ) _ _ . 


y 


Concrcie: Y\ * 1.0 [y| - /S'/ = 1350 ps.- 

M _ OgSPjOHZ^*) _ ur, ,„3 fil . 

Sfeei 1 : n-/o |j I - 8.47/ /* 1 6" I * 2 o*/O a p ( 

_ (ZQ*lo')(l3S-7.1) _ s m . 

n (IOKS-47I) -43 S.6^0 

438.6 */£> 3 A-.n 

- 432 . £ !<>p. jVi 

- ZQ.C k*>--Pfc 


Ciioose +ke. Srv>*iiJW 



PROBLEM 4.60 



\~-b -+ 1 

f t A 


SOLUTION 


4.60 The design of a reinforced concrete beam is said to be balanced if the 
maximum stresses in the steel and concrete are equal, respectively, to the allowable 
stresses a t and a r Show that to achieve a balanced design the distance x from the 
top of the beam to the neutral axis must be 

d 

X - 

lt i| 

cr c E s 

where E c and E s are the moduli of elasticity of concrete and steel, respectively, and 
d is the distance from the top of the beam to the reinforcing steel. 


cr - n M (d - >0 

6s T 




. 

S', ' 

A - 

x " 


X ~ 


r? 

x 

i , X 
+ * ^ 

± 

i + 

e»(5L 


* 4 


6s 

e £ s; 



PROBLEM 4.61 


4.60 The design of a reinforced concrete beam is said to be balanced if the 
maximum stresses in the steel and concrete are equal, respectively, to the allowable 
stresses a s and a c . 



4.61 For the concrete beam shown, the modulus of elasticity is 3.5 * 10 6 psi for the 
concrete and 29 * 10 6 psi for the steel. Knowing that b - 8 in. and d - 22 in., and 
using an allowable stress of 1800 psi for the concrete and 20 ksi for the steel, 
determine (a) the required area A, of the steel reinforcement if the design of the 
beam is to be balanced, (b) the largest allowable bending moment. (See Prob. 4.60 
for definition of a balanced beam.) 


SOLUTION 


1*— b— *] 


Vi ~ 'SJO — _ £ -oo c^7 

" eL - 3 -Tv/o* s * 

€ s = S; = 


§L _ = „ A - t, 


A s 

X 


I 6* s 


+ J- + — 

H 6c ' 8.2&S7 ISoo 


* 2.34/0 


%, - 0.W7I7 al - (0**M7n)(zi) » ^.399 

d - X “ 22 - r in 


Locate <xx\*s 

kx | - nA 5 (J-x'l * o 


(cl) A s « 


(d - X ) (2 ) 


~ vS. 3S 5-S - in 1 * 


I = 4-bx 3 +- * T (S)(7.37sY + fe.ZA57)(3.SaSrXK?.Co*V“ 


— C £> £ 5*. 6 i n 

_ n My 
X 


M - ^ 
1 "y 


Concw^'fe •* H - J ♦ ^ y ” *7- 3?S i 


S' - ISOO fsf 


. ( I ") C ^C»(s5 . 6 ) i , 

- , ?77y, ° 

S+ee.? : n * 2 .ZSS 7 Ijl - )?.Co 2 6 7 * 2 o*lJ r =; 

M - fcgygg gr - 

Nobe b'lwd’ loo-VK 4 * 0 ^ b*J Sconced de.sr^n 

H - I- 27? * /o 3 kW* - )OG.^ k*ybf 





PROBLEM 4.62 


Aluminum 

Brass 

Steel 

Brass 

Aluminum 


4.62 and 4.63 Five metal strips, each of 0.5 * 1.5-in. cross section, are bonded 
together to form the composite beam shown. The modulus of elasticity is 30 x 10 6 
psi for the steel, 15 x 10 6 psi for the brass, and 10 x 10 s psi for the aluminum. 
Knowing that the beam is bent about a horizontal axis by couples of moment 12 
kip-in., determine (a) the maximum stress in each of the three metals, (b) the radius 
of curvature of the composite beam. 

SOLUTION 

as er CaJt 


[■« — 1.5 in. — "j 



K) = 

E*. ' ' 

30 v/O 4 

Jo 

- 3.0 , 

in •sfeei* 

K? = 

■ 

1 S*/0‘ 

- I.F 

\ vn Wa.s s 

Fa. 

jo x/o 4 


n * 

I.o 


'kiJvm., 


Fe>r +i> 

e * 

A’o^m+ed 



I, * 


+n t A, d? = £(/• 

s)(o.s'f 


0.76S& 

+ Mt'C * jfii-sYa.s'f ♦ (i.fYojsYo.s'f -- 0.30^7 ; M 

I a = ,v« 

X, ' I t » 0.3M7 ^ Xj.= r, = o. 7 CSC 

X = 2 X: - S’. I37S- in'' 

I * 

(a) 6" = =■ iL?J.i^_ LZS ) - ks( 


8 M5 •• & - ^ 

X 7. 1^75“ 

Sfee-P : 


6. n usi 

4.// f<5,* 


M _ l3.xlo 3 _ f 

F*j; ' (loxio fc X*- 

- I S2.3 in - ISI.q ft 


- svz.si *io~ L iV* 



PROBLEM 4.63 
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/ r M 

-fi).5 in. 
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J-0.5 in. 

Aluminum 
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/ jPl 
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1 — 1 - 


5 in.- 
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4.62 and 4.63 Five metal strips, each of 0.5 * 1.5-in. cross section, are bonded 
together to form the composite beam shown. The modulus of elasticity is 30 * 10 6 
psi for the steel, 15 x 10 6 ps i for the brass, and 10 x 10 6 psi for the aluminum. 
Knowing that the beam is bent about a horizontal axis by couples of moment 12 
kip-in., determine (a) the maximum stress in each of the three metals, (b) the radius 
of curvature of the composite beam. 

SOLUTION 

L)S£ *1 0*v> ckS •Hie 

» * ks * 3 '° sVt,f 

Lr 

r\ = \.o • vi c*. $ 

I, * ^1,,^+n.A,^ 

- (3.0 )(QJ$Xl' o y = 2.2*6* i** 

l z = lgO.S)(o.sf +Q.°)Co.7SKo£‘)' m =* O.Z03\ \ 

la = JttkK s *-p * O.WM- in* 
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© 


ill 
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i-c> 
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I* - X 2 =* (9.^31 
s 

I = Zi- = s.om'm 


X$ ~ X, - 2 . 2 * 6 * i* H 


A r 
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S’ - 

r\Hy 

(3.oXi2.Xi.2S) _ 
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X 

3*. 0^3 i 

: /S' = nL!y 

- d-oYi^to) 

=: 1.7*3 k*4* 


X 



_ 12 

O-s'Xis.Xo.ar) 


X 

^02.3^ 

M 
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3 

* ^ 238 


SJ. 

0 o>r io fc X-S'- 0 * 3t O 


f 3 " 

*136 ih 

= ZH°! -Ff 



r 
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4.64 The composite beam shown is formed by bonding together a brass rod and an 
aluminum rod of semicircular cross sections. The modulus of elasticity is 15 * 10 6 
psi for the brass and 10 x 10 6 psi for the aluminum. Knowing that the composite 
beam is bent about a horizontal axis by couples of moment 8 kip-in., determine the 
maximum stress (a) in the brass, (b) in the aluminum. 


SOLUTION 


Aluminum 


0.8 in. 



Potr eceoin setni f - 0. 3 

A - f.r^ i.owrsiin*, y„ = 35 - t!£ ^ } ~ 0.331S3 ;« 
It«. r T 0.\60&SOi«' 

I - I tvt - A - O.IQ6SSb~(l.ac>£3h(.o.i3‘lS3)'' 
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© 
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I, * rtf + n t AJ,* s ' (l-s)(o.m e iS'i)4 Qs)(i.*&3i)(o.27U2)* = o.nsc^ 
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(a) S^ss^ n-l.s j y = 0.8- 0.067^1 - 0.73ZO<? 
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PROBLEM 4.65 



sr “ rsrs St its* W£ 

SOLUTION 

Use *b„; no „ as fj, e ™«,+ ei ^VuP 

n = /# c? *n .i-, i'nOv* 
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X “ * j~i )173 x/q-* 9 — ^ ^ r !2>2.l MPa 


PROBLEM 4.66 

01 



mismmmm 

Pipe is m a d e of 

SOLUTION 
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X ~ f96.27xf0-* r fit - /V3IS MPa. 





PROBLEM 4.68 


*4.68 A rectangular beam is made of a material for which the modulus of elasticity 
is E, in tension and E c in compression. Show that the curvature of the beam in pure 
bending is 

1 M 
p~ E r I 
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PROBLEM 4.69 


4.69 Knowing that M - 250 N-m, determine the maximum stress in the beam 
shown when the radius r of the fillets is (a) 4 mm, ( b ) 8 mm. 



SOLUTION 


Ca1 i °- 10 


I = - ^’(SXho'I 1 = = H2.CC7*\o V 

C * MtKi « O.O^Oyn 
D _ go _ 

A 40 »\*y\ “ Z-O® 
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PROBLEM 4.70 



4.70 Knowing that the allowable stress for the beam shown is 90 MPa, determine 
the allowable bending moment M when the radius r of the fillets is (a) 8 mm, (b) 
12 mm. 


SOLUTION 


1= lkU 3 = izCi^of- 42.667 x\o 3 yr,J * W.667x/0~ J 


(a) $ = 


£= ■ ** 


C= ZO nrry » O.OZO m 
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^ IcrO 
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(bl 5 : ra3 ' F^>« R 3 i3l K - 1.35- 

M _ (<?oxiO‘ X^7.&6.7 x-Zo -1 ) 

(l-Sjr 1(o. ©20) 


142 N-^ 




4.71 Semicircular grooves of radius r must be milled as shown in the sides of a 
steel member. Using an allowable stress of 8 ksi, determine die largest bending 
moment 

that can be applied to the member when the radius r of the semicircular grooves is 
(a) j in., (b) j in. 


SOLUTION 

{cti d = X)- O' H.S * 3.7S-.V 


D 

a 


: 

3.7 5 


- 1.20 




r . O.S75- _ . 

J “ — W - °* 1 
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<T = K' 


Me 
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c = 7 = /.SZT / /i 
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T 3 (%)(2.o'f * I.Wr'm 
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PROBLEM 4.72 


4.72 Semicircular grooves of radius r must be milled as shown in the sides of a 
steel member. Knowing that M = 4 kip-in., determine the maximum stress in the 



3 . a . 

member when (a)r = J in., (/>) r ** in. 


SOLUTION 

(a) <#= D-^r ’ VJT- ( 2 )C 4 )r 3.75 .Y 


s. mj: , , 
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PROBLEM 4.73 


SOLUTION 


Foir Uo 4 "V» CO*Vp» \ OV\S 

15 = IS® mm ) cl- 

'C ~ \S . 

S * {S * •-» 

$ ' i& £ 

R>^ con4Vgtfrd“u>* Ca”) ^ Fi*3 
4.32 ^ivtt K,- I.T 2 . 

For c<?r-P» Ff^ 

H.3I j.Ves kf b = 1.3*7. 
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4. 73 The allowable stress used in the design of a steel bar is 80 MPa. Determine 
the largest couple M that can be applied to the bar (a) if the bar is designed with 
grooves having semicircular potions of radius r - 15 mm, as shown in Fig. a, (b) 
if the bar is redesigned by removing the material above the grooves as shown in Fig. 
b. 
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PROBLEM 4.74 


SOLUTION 


4. 74 A couple of moment M - 2 kN*m is to be applied to the end of a steel bar. 
Determine the maximum stress in the bar (a) if the bar is designed with grooves 
having semicircular portions of radius r - 10 mm, as shown in Fig. a, ( b ) if the bar 
is redesigned by removing the material above the grooves as shown in Fig. b. 
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PROBLEM 4.75 



i c 
Jr 1 


4.75 A bar of rectangular cross section, made of a steel assumed to be elastoplastic 
with = 320 MPa. is subjected to a couple M parallel to the z axis. Determine the 
moment M of the couple for which (a) yield first occurs, ( b ) the plastic zones at the top 
and bottom of the bar are 5 mm thicks 

SOLUTION 


(a) I = ^(13)05?= 3.WS*lo i r*S * &3 ?r*/o'V 


C > * 75 mm - O. 0075 **i 


M v = 


- 6Vl _ (33o**e>*)(3. 375 _ 


0.0 07 S 


144 


(b) i = 5 mm yy ~ c - t - 7.5 -5 ~ %.S*> t»v> - 0. 00^5 

m* 4mJ i- 


PROBLEM 4.76 



TtV 


4.75 A bar of rectangular cross section, made of a steel assumed to be elastoplastic 
with Of ~ 320 MPa. is subjected to a couple M parallel to the z axis. Determine the 
moment M of the couple for which (a) yield first occurs, {b) the plastic zones at the top 
and bottom of the bar are 5 mm thick. 

4.76 Solve Prob. 4.75, assuming that the couple M is parallel to they axis. 

SOLUTION 

(Q^ X s r X/O * vnvn - 2.\(>*lO ** i*?' 

C- - ib - G hint ~ 0. 00& 

= ^ o r 0 ; ) f i4y/o ' ,) - *»-• 


(b) t = s 


Zv* = C - £ - £ " 5" ~ I MM 


M = I Mr [ l-i(-Ki 

f (•»«)[ I - $ (-£-)*] * ni.a N-* 



PROBLEM 4.77 



Tm 

I 

111 I 

o . i \d\ |o.i| 


PROBLEM 4.78 



|~T 

ay is o.os i 


4.77 The prismatic bar shown, made of a steel assumed to be elastoplastic with 
Of = 42 ksi, is subjected to a couple M parallel to the x axis. Determine the moment 
M of the couple for which (a) yield first occurs, ( b ) the elastic core of the bar is 0. 1 in. 
thick. 

SOLUTION 


id) I- ij bti 3 - i5-(6.4sXo.'3'f ~ \.0\1Sxl0 1 i, 

C, r ^ Vi r 0.)S i <o 


KA _ 6JI _ ( L R)tl.oi*S*lor ) . . 

T "T^ = ^ o.atK-* r ,v, 


Cl) ? Y = £ = -^(o.l ) - O.OS in 

M f - | My[ I - i^f] 

r fO?83.S)[ I - r 40<?.6' /U 


4.77 The prismatic bar shown, made of a steel assumed to be elastoplastic with 

a Y = 42 ksi, is subjected to a couple M parallel to the x axis. Determine the moment 
M of the couple for which (a) yield first occurs, (b) the elastic core of the bar is 0. 1 in. 
thick. 

4. 78 Solve Prob. 4.77, assuming that the couple M is parallel to the z axis. 
SOLUTION 


(a) I - la bln 3 - ^ (o.S)(o.H 5) 3 “ Z. 272 l*lo % .V 
C a ■jrh * o. MS m 

M - -SJL - M1&27* ix/o; , I . . 

C - 0 . 225 - - 

Od) Xr - it 6 =■ - o.os ;•% 

I - *(£)*] 

-- f (W I - i (££)'] - «7 a-.». — 


\*—o.z — J 




PROBLEM 4.79 


4.79 A solid square rod of side 0.75 in. is made of a steel that is assumed to be 
elastoplastic with E= 29 * 1 0 6 psi and Oy ~ 40 ksi. Determine the maximum stress and 
the radius of curvature caused by a 4 kip-in. couple applied and maintained about an 
axis parallel to a side of the cross section. 


SOLUTION 



Uo.is « 


I = r O.OZG3C , 7 

c = i'h = O. Z1S .-o 

m,. 

M= - of Q S J3.~ Z £ 


& r 
c 


_ h & 

YA r 


•^2": 


~ Q.3W 1 


* w i w 7.%n5 - 

, §£ r C?^P*Xo- 3 75.1 = g 7 1 . 88 in 

<5 r 1+0*10* 


£ - 
fir ' 


PROBLEM 4.80 



lL ^ 

C ' 


36*. 


... 


A-^= (27/.8S XoSWin * 147.2 i. 
C ■= 8.^H ff 


4.80 The prismatic rod shown is made of a steel that is assumed to be elastoplastic 
with £ = 200 GPa and a r - 280 MPa. Knowing that couples M and M' of moment 
525 N-m are applied and maintained about axes parallel to they axis, determine (a) the 
thickness of the elastic core, ( b ) the radius of curvature of the bar. 

SOLUTION 

2= 7i U 3 = s(24)0*) S - 

Q r -JJ V\ ~ ^ >v> r 0.00 s ? ^ 

My - — c r 36Z gg „. m 

T C 0.001 

M-fMrCl-ili) o* £ = J 3 - 2 
- - 0.32632 j y r = 0.32G32 c = 2.736S »>». 

tcooe ” r mm 1 

/0 i -£& r */Q- 3 ) _ - 

/ Gy 3 SO * /O* ** 




PROBLEM 4.81 



4.80 The prismatic rod shown is made of a steel that is assumed to be elastoplastic 
with £ = 200 GPa and o r = 280 MPa. Knowing that couples M and M' of moment 
525 N-m are applied and maintained about axes parallel to they axis, determine (a) the 
thickness of the elastic core, ( b ) the radius of curvature of the bar. 

4.81 Solve Prob. 4.80, assuming that the couples M and M' are applied and 
maintained about axes parallel to the x axis. 

SOLUTION 

1 = ■= 20.736* Jo 5 *,™" = 2o.736 WO** m 

£ ~ U - mw - 0-012 w 




M r , ^ -- 

- 4-83.84 

0.012 



M =.iMj( 

l*i£) ^ 4 --P - 2^ 

<n 

/ o CXXS25) 

1 ° H83. 

- O.V091 

^ ^y r - 0.11091 C r |C>.?32 •'nm 

tcore = r 2*-^ — 

00 

c - - §: /. 

^ " /D E 

P ' ef 

(looxio^Mlo.lSZvio 3 ) _ 7 ?( ^ — 

73o*lo & ^ 


PROBLEM 4.82 


4.82 A solid square rod of side 0.5 in. is made of a steel that is assumed to be 
elastoplastic with £ = 29 x 10‘ psi and a r - 42 ksi. Knowing that a couple M is 
applied and maintained about an axis parallel to a side of the cross s^tion.determme 
the moment M of the couple for which the radius of curvature is (a) 5 ft, (6) 2 tt. 



SOLUTION 


X = ± bk 3 - £ (o.sXo.sf r S. 7023* /o' in* 


O.Sin. 


c “ i b - 0.25 in, 

- gr-I _ (m*IQ 3 )(S.?'>S3>'IO' 3 ) _ g7S j t 

C 0. 2.5 


My 




c_ 6^ 
Ft ' £ 

- I Mr [ 


p : Ec_ (29 xiD*')(O.ZS) c 
r r <5V “ 42 * 10 * 


12 . . €2 in. 


M - 

(a) p - t “ &O i'n. 

(b) (Dr z-tt. = 21 in. 


- Up;) 1 


M « f («s)[l- ikwxi) 2 ] » 


i7Go fiL-in 
13 OH Jfc.iw. 



PROBLEM 4.83 



[•— 40 mm— *j 


4.83 and 4.84 A bar of the cross section shown is made of a steel that is assumed to 
be elastoplastic with E - 200 GPa and o r = 240 MPa. For bending about the z axis, 
determine the bending moment at which (a) yield first occurs, (b) the plastic zones at 

the top and bottom of the bar are 20 mm thick. 


SOLUTION 


I = V% bV, 5 r (MO - 720 * lo vnrvi - 72.0 y/O^ »*o 
c = V) = 30 mum - O- 030 r*l 

M y - : £7Q y/e) * n . m 


0. 03 o 


-5,7C> kN-v* 


\0 hM 


I 10 «r-| 




£, = Sy A, - ( 210 *lo‘)(o.O‘to)(o.O?o) 

= WZ'ID* N 

y, - I IO»» O.OZO m 

F* *{±)(zho*io‘-)(o.ohc)(o.oio' 

- 48 x/O a M 

r |(|0~»A = 6.CC7-,., - O.OOUU * 


(k)M- 2 (f?,y, 1 ?.,^) = 2[iim*lc?)(o.oio) + jo^io-ooua)] 

= g. 32. * lo* V-* ■ S.32 kw-m 




PROBLEM 4.84 

y\ 


4.83 and 4.84 A bar of the cross section shown is made of a steel that is assumed to 
be elastoplastic with E = 200 GPa and a y = 240 MPa. For bending about the z axis, 
determine the bending moment at which (a) yield first occurs, (b) the plastic zones at 
the top and bottom of the bar are 20 mm thick. 




20 mm SOLUTION 

jL 


□7 


20 i 

" m (a\ Irecxf - Ta W*J S r 

10 mm 





\ 

20 i 

j 



20 mm 


j-^-iOmm J r 7^0 y/o 3 - 13.33 *10^ - 


- <» 


- 70€».£7*jO v* 


C * = 30 = 0.030 ^ 

Hy 


_ Gyl_ _ (2HoylO l )(7Q(,.i7>'IO~'''l 

S.tS VK) - vw 


C 0.030 

= S.&S 33 » 10* W. m - 



£1 


"R, - 6VA, - (2.4o*|o‘ ')(o.0'to')(.o.o;?o') * \ 12 *\o" M 

r - ZO - 0.020 xn 


to 


-- - i 04owo‘X©. 02 o)(o.oio) - ZKIO 3 N 

^ |(io~«) - e.ec7— » - o.o5ee67 m 

M * 2 (t?, y, + 1?,y7 

= 2 [Ol?xjo J Ko.5ip) ^(M*/O s )(o. 006667)] 

- 8.00x10* N-w - S-0O kO-M 


4.85 and 4.86 A bar of the cross section shown is made of a steel that is assumed to 
PROBLEM 4.85 1x5 elastoplastic with £ = 29 x 10 s psi and Oj = 42 ksi. For bending about the z axis, 

determine the bending moment at which (a) yield first occurs, ( b ) the plastic zones (at 
the top and bottom of the bar are 3 in. thick. 

SOLUTION 

La.) I, = A,^,* * ^(J)( a^+ =■ tins iV 

^ iHA 5 * ik(cXs>** i3.5 i«* 

I 4 -- I, » 8Z7S 

X * X, + 4 ” 1B8.<5 m y 

C “ H.S m, 




3 in. 


6V 



- 6iA, - CWK3 Xs^ = 31 s 
, - 1.5'+ 1. 5* = 3 . 0 i* wo 

- iMi 3 ifaaXOO.s) 

- 18^ W.> 

* * | (1-5 » 1.0 {„. 


W Mr a.C^y, vtf.yj s z[C378)(8.o')f dS^Yl.o\] = 264 6 kr>*iVi 



PROBLEM 4.86 


1.5 in. 


3 in. 


4.85 and 4.86 A bar of the cross section shown is made of a steel that is assumed to 
be elastoplastic with E- 29 * 10 s psi and a Y = 42 ksi. For bending about the z axis, 
determine the bending moment at which {a) yield first occurs, ( b ) the plastic zones at 
the top and bottom of the bar are 3 in. thick. 


~T 

3 in. 


SOLUTION 

f tort I ( r 4 A,*!, 1 - 4 GsXsX^ 1 = ns-£ ?»' 

i,-TtkA s - ifetexs? 1 
i 3 - I, r ns.s 
I - I,+ l, + 1 A 


3 in. 
’l 


1.5 in. 



- SSI. IS .n* 1 


c ~ 4. S’ in 
I 

Mv = — 


(40(3^7.75) 


z: 333 • jv-» 


<0, 


£- 




(?, - S'rA, - LmKtX.z)- 7S& K>> 

^ - 1 .5 +I-S - * 3 i« 

R*= KrA t = k(.M)(s)G-S) 

- <w. s k: ? 

? 4 (.US ) - 1*0 «V 


(b) M - 2 [(7« tel rtf i.©l] = tiw tfi" 




PROBLEM 4.87 

y\ 


•C 60 mm 


[*— 40 mm— **| 



Wk'v/ 






4.87 through 4.90 For the bar indicated, determine (a) the folly plastic moment M p , 
(b) the shape factor of the cross section. 

4.87 BarofProb. 4.83 

SOLUTION 

?RoQLEi^\ 4.83 £ - 200 <SPa a.J (? r - 2HO MP*,. 


A , ( 4 o )( 3 o « 1200 tMM 

- | S05»/0’‘ 

Q - < 5 , A, 

= {.ZHO xio c )t\?0O * 

= 28 8*10* H 
d - 3o - 0. 02>0 v*-, 




R 

9 

. — * 

— 


(a) Mp = Rel : ( 2 ggx/o 3 )(o.o 3 ( 3 ) -- g.C 4 / >/O s W-vv, r g .64 l(W-^ 

(b') I- ’ 120 X lo t ' 720 Wo’’ tn* 


C “ 3<? »*»v, =■ 0. 03o 

i2'io*io i )(72o*to~'') 


0.03© 


- Jf . 7& l/W- ^ 


k = Me - * | 

Mv r.76 



PROBLEM 4.88 


ZZZrV? l° T the *** ‘ ndicated ’ determine («) A e folly plastic moment M p , 



(b) the shape fector of the cross section. 
4.88 Bar of Prob. 4.84 


SOLUTION 


4M IUII1 

{* FVo- PROBLEM H. S u E= 200 G rp* = 2^0 Mffau. 


-J U4 u 


R| * 6r A 


aw min —i p f-*- mm 

20mm “ >'/O < ‘)(O.0 Vp)^O.O^£>) 

r 192 rlo* b) 

F777777A C~~\ r-3— » r + 

^£5 JZ * S' 0 * 0 * 

axis 

" ~ S* - ^“*T 

---» — » = (^Soy/o^Xo.o^oXo.o/o") 

s *+$ *lO* h) 

y z * £(/°) - .t*h* - o.oosr m 

M P - ^ A ? * [(/<?$ »IO*Xo. 02 o) + (^8>t/oM(0,005)] 

- 8. u #fo* M>* r g./£ 

(W ~ lakh* " ^(*foV<6') S r 7Zo*lo % 

Iw W- r ]3.33*/o s *»»,’ 

I r 1^ “ * 720 v/o 1 - 13.33 x/o 3 * 706.G7 //o' 3 h, y 

» 706.67 * 70 ° ^ ¥ 

c. = iln ■ 3o z o.o So ^ 


Mr < 

C* 


MoxlO i )(7Q6.67>‘ lo") 


0. 030 


51C533 M-k* 


y „ ±3*. _ gJi 

Mr ASttJ 


1.4V3 



PROBLEM 4.89 



3 in. 


4.87 through 4.90 For the bar indicated, determine (a) the fully plastic moment M py 
(b) the shape factor of the cross section. 

4.89 Bar of Prob. 4.85 

SOLUTION 

problem 4.85" E = 24 */0‘ ps^ 6 ; z 42. Us.'. 


(?, S,A, -(H-zKsXs) - 372 k: p 



- (.5 + I.5 - - 3.0 ,‘~ 

i?t 1 - (4? ')(e,')G-S ) - 372 W r 

r 0.75 in 


M f - 2 (K,y, + * *[(3?2)(s.o') +(37«X0.75')] - 283 S lC r \* 


(t) I, = £ k>, 3 + A,J, X - £ + (3X3X3 V" - 87.7Sm* 

1 rrlikk 3 > = 13.5 

Ij - I," 87.75 ,'n' f 

J ~ X* + + Xj " / 88.5" 


C * *i.5T in 

M _ s;i _ (421(188.^ 
^■c ■ ~^T ‘ — hT? — 


I754.3 k.'p.iV 


k - 



2835 

I754.3 


1.6 II 



PROBLEM 4.90 



y 




T 

3 in. 

Q jn 



O 111. 

-4 

3 in. 

L 

> in. 

k=J 

■*- 1.5 ii 



4J87 through 4.90 For the bar indicated, determine (n) the fully plastic moment M p , 
( b ) the shape factor of the cross section. 

4.90 Bar ofProb. 4.86 

SOLUTION 

Firoiv, PR081.eM 4. 8& E n Sr- = W. 


R, = 6VA,^(m?X6Xs^ JSC. k; 0 
* >.£ + 1-5 > 3.0 

tf 2 -- (wXsX»«sr) 5 IM k-f 

i (|.s) » 0.7JT 




*5r 


*•— 

% 

fx 

»► 



M P » * + 1?,y, *) * *[(T»)(*.©Ml* < »Xo.7S''0 - ¥817.5- l£ r -i< 

ft>) J, - M* - ifcXa) 3 * (ffXsXB^ * IV. 4 

I, - iitA 1 * lit ( sX 3^ -- c.75- 

I 3 r J, s I7S.5- !« r 


1 = I, * I, + Ig = 3^7.75- J. 


c * ^*5 ” m 


Mv - -Si = MtfHL 2£l r 333^ k-'p. 


|(, ii r 

333 l- 


I.W3 


on 



PROBLEM 4.91 


4.91 and 4.92 Determine the plastic moment M p of a steel beam of the cross section 
shown, assuming the steel to be elastoplastic with a yield strength of 240 MPa. 



A, - (soXas) = 

ISOO m* X 

) 

y. 1 

1 8 

Ay. * 

3?. ^ X lo z 

A* = (4»0)(w). 

7oo 

5* 

7 k>h 

A.y t ; 

H.l X lO % Mm 3 

A 3 - fto)(3o) - 

Goo kw* , 

*/ 

5s * 

X 1 

A ys ’ 

x |q m 3 

A., *• (so)Cio) * 

foo 

5«* t 


A*yv 

W.SxlO* Mm’ 


A,y, * * Aiyi ♦ - 7 l.zrlo* mm - 7 IO-* 

M P - <S Y I Aiji * (RHOWO S X7?.2WO‘‘ ) «• 


n.008»|© s M- m 

l^.o) Wi\)* v* 



PROBLEM 4.92 



»j« -25 mm 4—1 


Wa 




4.91 and 4.92 Deteimine the plastic moment M p of a steel beam of the cross section 
shown, assuming the steel to be elastoplastic with a yield strength of 240 MPa. 


SOLUTION 


Tola; 


A ' U5)(i<A * 0QG&)(3S) - ‘ISo ^ 


- ms rovrx 

X = iA = ‘HL = 23. IS M- r 0.02375 m 
zt, 


R ( r (o r A, = (240*/0‘X0.025)(0-0\o'> ' &Ovlc? 
y, z 3,0-23.1.5 ■ G.ZS « = 0.0O6ZS m 

* 6 r A» - (2Vowo‘yo-°2o)(o.Qil«) = 54 Wo* N 
jt ‘ i (o.OIIZS') - 0.005425 M 

- SyA^ = (2Ho*ld')(°‘>io)(o.o231s)? 114*1 o’ K) 
y 4 r -jx - o. 0// 875 *1 


Mp - *?,y, + + t^y* 

r (6O*(oM(O.OO4Z£)-*'5"4*IO s )67.O0542s) + (|l4* l0^)(o.OII S7S) 
- 2.0325*l0 3 N-W) - 2-* 3 kU-* 





PROBLEM 4.95 




4.95 A thick-walled pipe of the cross section shown is made of a steel that is assumed 
to be elastoplastic with a yield strength a r . Derive an expression for the plastic 
moment M p of the pipe in terms of c,, c 2 , and o r . 

SOLUTION 






Ai hi - - A u 

= A >j< = 

S- r CA,y, + A t yJ = |s;(c, 3 -C t *) 


PROBLEM 4.96 


SOLUTION 


4.96 . Determine the plastic moment M p of a thick-walled pipe of the cross section 
shown, knowing that c, = 60mm, c 2 = 40 mm, and o r = 240 MPa. 


See He Sohh'o* U PRo8LE>1 of He 

-PoXP©*V» M-p. 

m p * I e; ( c , 3 - c , 3 ) 

Daiec* 6; • Wo Mpcc - Pa 

c>| * iv»tv> ? @»o&o 

c z - yo * o, o qo *1 

Mp - $-(2Ho Wo‘ )( <5.0«o 3 - 0.040* ) ■= 4S.6V Wo 3 M-w, 

= 4S.6 kK)-*, - 



PROBLEM 4.97 



[-—40 mm— «*j 


mtflnTl 4 ' 98 F ° r .*! **“ , indicated a ***** of moment equal to the folly plastic 
iroment M is applied and then removed. Using a yield strength of 240 MPa, 
determine the residual stress at y - 30 mm. 

4.97 Beam of Prob. 4.83 


SOLUTION 


C 60mm Mp - kW*v* (S«« SOLO Jlok) f>|?OgL EM V. g7 *) 


: 17.0 * /O'* m V 

= . M 0 C 


C - D. 030 to 


V * C " 30 



UMOlWS- 


2Ho 



3^ HP* 



UO M9o. 




f£SIDU4L STOSSES 


(^^y/o a )(o.03o) 
e ■ wo ;~ lo -> 1 36 ° y '° 


<Vs - fry - 360^0* - 2^0*10* = Uo»|o‘p s * 130 MPa. 



PROBLEM 4.98 



4.97 and 4.98 For the beam indicated a couple of moment equal to the fully plastic 
moment M p is applied and then removed. Using a yield strength of 240 MPa, 
determine the residual stress at .y = 30 mm. 

4.98 Beam of Prob. 4.84 


SOLUTION 

M p - £. 14 kU'Vv, (See Solution -i* pfcoSLeM H. 88 ) 

X - 7o&.C7 x to'' ^ C O. o$o 


= C . 


er'* J y 

i _L J 

. (8. ltylo 3 )(o.QSo . _ 

& 706.67*10--' r 3H6.V*IO fa. 



LOAOUOS 



6rea - 6' " & Y - 3^43# */<>*- 2HO>\O t ‘ r IOC.VvIO 6 fc, = )06.H Mf>«. 




PROBLEM 4.99 



3 in. 


4.99 ud 4.100 For the beam indicated a couple of moment equal to the folly plastic 
moment M p is applied and then removed. Using a yield strength of HZ ksi, determine 
the residual stress at y ^4.5 in. 

4.99 Beam of Prob. 4.85 


SOLUTION 


Mf> - 2835 Jc’fii* (See Solution problem 4.87^ 


1 - 188.5 in 4 j c 



/ _ (2335 
& " 188.5 


r 4 . S in 

•* r c * 

67.7 ksi 



€>' - 6y ? 


67.7 - Lf2 


ZS . 7 Jesf 



PROBLEM 4.100 

y\ 


1.5 in. 


3 in. 


3 in. 


3 in. 

\ 


3 in. 

__L 


1.5 in. 


4.99 and 4.100 For the beam indicated a couple of moment equal to the fully plastic 
moment M p is applied and then removed. Using a yield strength of ksi, determine 
the residual stress aty = 4.5 in. 

4.100 Beam of Prob. 4.86 


SOLUTION 

.Mp " HSW.S k.'p* iw (See. $oLvT\otj £o pRo8LfH H.?o)i 

C. - 4. S in. 

^ y * c 


JE r 3S 7. 7«b m 


1 I 


6 ' * go.WJcs; 



6^ -- <S‘ - <5; - Go.fi* - ‘tZ « |g.£* If si' 




n 


n 


c 

no 


n 


n 


(a'l 


a>> 


PROBLEM 4.101 

y\ 


■ 40 mm 


4.101 and 4.102 A bending couple is applied to the bar indicated, causing plastic 
zones 20-mm thick to develop at the top and bottom of the bar. After the couple has 
been removed, determine (a) the residual stress at>- = 30 mm, (b) the points where the 
residual stress is zero, (c) the radius of curvature corresponding to the permanent 
deformation of the bar. 

4.101 Bar of Prob. 4.83 


SOLUTION 


60 mm 


See SOLUTION -fw PR 08 Li?M 4©/* 

s4ft,SS bt/4»ovA .Po 


Cci 


M - S.S2. kU 
E - 2.00 GPa 


1 - 12 o x lo* v*? 


Me 


° X 

At y ■ c 
A+ j r y, 


- io r*** ~ o.o I o wv 

ev - mpo. 

C “ 0.030 m 

3 ^ 6.7 *Jo & *Pa = 34 C 7 MP<* 

1 1 S'. 6 xJO 6 Pa.- IIS’.G MPa- 


(g.33y/O*)(0-03o) = 

( 3.32* lo* yO.O/o) _ 

72oy/0"‘ r 

6^ - 6T'- <5; - 3^6.7 - 2^0 = 106.7 MPa. 


<3^ e> r 6' ,, -6’ y - 11^.6 - 2W o - -12W.H M-pa. 




3MC.7 MPa 


106.7 MPa, 


^ - 124 .Y Mfo 

^ \3*K7 MPa 

^ - loC. 7 MPa. 

P661O0AL STpESSeS 




- O 


- S, •= O 


v - lGr_ (.73°*|oMO)»*fo‘) , Z0.11 * 16**1 -- Zo.77^ 

0° V\ g.^x/o 3 - 


oms. y<, " - ^0.77 j 0^ ?c».77*MMn 


a+ j - yr , 

5 - = --&£ :• 


S^«s - “ y /ot 1?a 


*«_.£* - UoowqM(o.oi°) _ , e .0SM 

r S" - iaf .4 »/o‘ 


PROBLEM 4.102 


20 mm 
• C 20 mm 

20 mm 


i 1 *- 

10 mm -4 1 - 4 i-10 mm 

20 mm 


S-' - 

Me 

1 

ff"* 

M.W 

X 

A! 


A+ 

y 1 y» 

24 o HP* | 

1 1 


LOADING 


4.101 and 4.102 A bending couple is applied to the bar indicated, causing plastic 
zones 20-mm thick to develop at the top and bottom of the bar. After the couple has 
been removed, determine (a) the residual stress at^ = 30 mm, (b) the points where the 
residual stress is zero, (c) the radius of curvature corresponding to the permanent 
deformation of the bar. 

4.102 Bar ofProb. 4.84 


SOLUTION 


; ec . SOLUTION to PRoSLEH -f Of CoofA 

,+^ess dt'6 -fri'hi/fio* 


{A - S. OO 
E = ZOO G? a. 


= \Om* - O. OlO ^ 


<3 y - ZHo MfV 


I “ 70Q.G7 * /o' * 


C. - 0.030 m 



(K.oo*lo»Xo. oso) _ 33? c >/a <- , 33 ^c MPcl 

706. £7 *lo-i 

(g.Poyf^Xo-Qyo) = j|3 * IIS.Z HPou 

104.47 *lo“* 

6^* <5"-e; ' 3 31. e - 2 io = “?%6 MPa 

€^=S“-6‘ r -- l\Z.Z-21o ■ -IZ&. % MPa 

r - 33?.£ HP* r— Cf ^ c 

\24.S MR*. 


ON) LOADING 


HPa 

R6S10DAL STRESSES 


6^* o 

_ ISr 

y° m 


A+ J- yy 


^ - <T, • ° 

_ f7oU7x|0'' 1 Xa^Qy/P*) _ ZI.2*I0~ % ^ -- XI.2 *»«* 

g.OO x |O s 

- -21.2 »».•*, ZLZ to*\ 

<Om - “ 126.* */° C ^ 

- (gOPylO^X^.^V - IS. 71 ^ 

* /° ' ~ l2C-g*(0* 




PROBLEM 4.103 



|-» ►] ■*- 1.5 in. 


4.103 A bending couple is applied to the bar indicated, causing plastic 

201168 i, U1 ' J th,ck *° devcIo P * thc top and bottom of the bar. After the couple has been 
removed, determine (a) the residual stress at y « 4.5 in., (b) the points where the 

ss:: « ,he ° f « sr pe“ 

4.103 Bar of Prob. 4.85 

SOLUTION 

See SOLUTION to *f.8ST W a.vj 

S+ress cL\s -fin' kii/fi'ovi dor\A* AJi'm 

j o 

M r 26^6 r /_ JT in. 

E a »I 0 C p*; * e; « **’**,• 


I =• 188.4* 


C = V.4* ,V 


(O e* =■!?£. = - 63. n i»r 

j PD • J 

<T* - ^ - JZ6i±lCL?) = z, .ot ks ; 

J- 138. S’ 

A4 *y * C 6’ rti - <5"’- 6V - G3.J7 - V * * £1.17 ks, 1 

A+ j^ Y 2.1.64- yz =■ - k v 


wwv 



Loading 



63. /? to/ 


3? 1.17 tor 


-7o.?V to*- 


^o.yv to-' 


<SL<- o 


UNLOADING 


- SV 


^3 

R£$lDl)AL STOSSES 


IGV 


(igg.SH^O _ ? 

26HG " ^ * 


Yo r - 2-^3 0 J 3.W i mv 


CC'l A4 y - y r , S*k* ~ - ks,‘ 

6-,-iX - g-Y - U?»/o 3 )(l-S) _ 

p r er 


•^^77 iV> 

- /73./ *W 



PROBLEM 4.104 



y 




r 

3 in. 

-i 

*2 in 


•C 

o in. 

-4 

3 in. 
1 

.5 in. 


H~ 1-5 ii 


4.103 and 4.104 A bending couple is applied to the bar indicated, causing plastic 
zones 3-in. thick to develop at the top aid bottom of the bar. After the couple has been 
removed, determine (a) the residual stress at y = 4.5 in., ( b ) the points where the 
residual stress is zero, (c) the radius of curvature corresponding to the permanent 
deformation of the bar. 

4.104 Bar of Prob. 4.86 

SOLUTION 

See. te> PROBLEM 4, coop-Je awd 

s4pes>5 disl>r«'tv>+ \ on 

M - 47 2 S kip- iV> y r *1*5* /«. 

E = ~ 9°! x lo s ks.* <5 r - 42. ks» 

J - 357.75* m* c * 4.S* ,V 


e' = Jl£ - ( ^ s 7 ^- 1 - w; 

<5" = = n. si 

T 3S7-75T 


i 

a-» c 

A* jf • y» 

r* — 


6^ m - 6 ' - 6* t - i*?.4$-42 - /7.43 /f*t‘ 
SUa - CT*- sv - 17.3 1-42. ^-22.14*5.* 

^ 57.43 to? V7.H3 Vfcf 

-*2.»4 (&>' 

*1 X- 23.14 ka»‘ 


LOADING 


OK) LO AO IMG 

fit =■ O 


- \7.43 

pe$ioDAL stresses 


(b~> S*, = O •• J1& - e'r -- o 

, _ lev _ ( 357 . 75 - )(«) _ „ . 

* ' TT 47?? 3 -' 8 


r - S. )8 iw . O. 3 . 18 m 


> ) 


(c) A+ y T yr i r ■ 22.14 ^s» 


S' r -£y p*-£j. „ (^ y /0 3 )(<.5) _ )C!6o ; 

* I6S.HU -* 



PROBLEM 4.105 


*4.105 A rectangular bar that is straight and unstressed is bent into an arc of circle of 
radius p by two couples of moment M. After the couples are removed, it is observed 
that the radius of curvature of the bar is /%. Denoting by p, the radius of curvature of 
the bar at the onset of yield, show that the radii of curvature satisfy the following 
relation 

i » f o T \( \ 2 T 
-L, iU'1-i' 

PR P ^ py 3 \p Y ) 


SOLUTION 


_L _ My 
Pt " El ^ 


= f M I -£$) 


le+ Yn 4-j- 


- J- _ J± - L _ <vM i 
' P El P El 

' • M 1 


jtp z 3 - 2m 


-L J22. 

P Pr 




PROBLEM 4.106 


SOLUTION 


My 

El J 


4.106 A solid bar of rectangular cross section is made of a material that is assumed 
to be elastoplastic. Denoting by Afy and pj, respectively, the bending moment and 
radius of curvature at the onset of yield, determine (a) the radius of curvature when a 
couple of moment M - 1 .25 M r is applied to the bar, (b) the radius of curvature after the 
couple is removed. Check the results obtained by using the relatioin derived in Prob. 
4.105. 


I 1 - i 4 >) 




-L _ -L fP . J_ mM, 
P* ~ P El * P El 


-£ - 

Pr 


Le+ m * & = I. XS~ 


3-Zrn - 0.707// 


_ O. 16M2I 
f>r 


p - 0. 70711 f> r 
_ j £2. . L 

P pr ' 0 . 7 « 
/>« - 6.0? f>r 


_J _ 1.7,5 - 

0 .70711 p r ~ Pr 



PROBLEM 4.107 


i 06 ! A » SOl i id °^ rectan 8 uIar cross section is made of a material that is assumed 

mmmsmss 

h\Z 1^‘ VC Prob - 4 ' 11 “«• assuming that the moment of the couple applied to the bar 


SOLUTION 

v jl . n 


EX j 




e il _ JLf I ±JSl 

M. ' Z.^ 1 3jSp- I 


) ■£- - 
Pr 

- 0.4V72/ 


L«+ w T ±1 - /.y c 

Hf 

" s - O.Wl'Z) 


Cb) “5“ - -.ft r i. . X . J22 . J 

rz P EL El ~ fit ~ O.SN7*) f> r 


0.g3CO7 


r I . I 9 


PROBLEM 4.108 



4.108 The prismatic bar shown is made of a steel that is assumed to be elastoplastic 
and for which E — 200 GPa. Knowing that the radius of curvature of the bar is 2.4 m 
when a couple of moment M = 420 N*m is applied as shown, determine (a) the yield 
strength o r of the steel, ( b ) the thickness of die elastic core of the bar. 


SOLUTION 


m - f m y ( 

‘i¥0 - i4 &) 




- Gr be* ( I - 

2 /—•'X 

be 6*y ( I - 3 £2 ") * M CoL>;c 6^ 

E ' zoo *10 9 M“ *420 f * 2. V wi 

b r 2 ^ r O. 02 ^ ho c =■ ^ r $ **»*') ~ O. H-l 

(l.5^Cx<o"*) S> [l- iso* Id 21 6* ] = 420 

6V- [ I - ISO* lo 1 ' 6y’] = *73. 4V y)o a 


Selvi'nj by 6y - */C> 6 P* “ 2^2 HPo. 




Vr - r 3 ^ x(0 -^ . 3-i - 04 _ 
J r E ^oox|o^ 


-/-ktckviess of e/P&s'bic c&rx. - 2j»V = 7*01 



PROBLEM 4.109 



4.109 The prismatic bar AB is made of an aluminum alloy for which the tensile stress- 
strain diagram is as shown. Assuming that the cr-e diagram is the same in compression 
as in tension, determine (at) the radius of curvature of the bar when the maximum stress 
is 250 MPa, (b) the corresponding value of the bending moment. (Hint: For part b, plot 
<7 versus y and use an approximate method of integration.) 


SOLUTION 

(<0 SU - ZSO MPc^ * Z&xlo* Pcl 

£ ~ 0 , OOC>^ {voia^ cow e 

C - - 30 ^ * 0.030 k, 

- *4 O ” 0.040 


J_ r _ 

/° c. o.ozo 


O . O 06 H 

= 2,33 wi 




E, * “ w Us 


, A 


Cb') S4’V'A«n Jt’vf t' 

Beading cPfc'pie. 

M *-5 y s-laWy - ulsldo = 2bc J 

vAe*^ "Mie l*n fe r ^ J" i 5 ^ ^ ty ^ LI |6l tflo 

Evaidaufe J* a eif . Xf S»'*n(JSow 3 

Y'cM* +^« 4*> / '*** i v s 

J - # Z WO 16-1 


W h ev'e w is a- 1 4u “ 0.25 we. gc*t 

\/ elites jjtve^ iVv He \>eJio*j * 


0 

IHi 

\<5Tl,(MP^ 

UlGh(MP^ 

W 

wulol^MP^ 

0 

0 

o 

O 

1 

0 


O.OOfC 

t 1 o 

Z7.S 

4 

n o 

o.s 

0.00S2 

1 so 


X 

ISO 

D.75T 

O.OOHS 

225- 

ICS.7S 

4 

C7S 

1.00 

0 , O0&4 

25o 

25o 

1 

XSO 


\ x ir 


^ WO 


J = (o.trX^i^ ) _ i 0 i'2f np A * loi.if'io* Pe. 


M- (Z)(o.o'«>)(c.C’2o) 2 (lol.XS'"lo‘) - 7.^9>)o s N - 7. 2-t kW-ii 




PROBLEM 4.110 



4. 110 For the bar of Prob. 4. 1 09, determine (a) the maximum stress when the radius 
of curvature of the bar is 3 m, ( b ) the corresponding value of the bending moment. (See 
hint given in Prob. 4.109.) 


SOLUTION 

(cl) f> * 3 J C = 0-030 ^ = O. OZO 
^ t HO WM = O .OHO ^ 

_ .C . O.OZQ 

3 

FV'LJkn CuT\/<L <5**, r 


0,010 
*75“ MPa. 


Cb'i S+V^'n dt*vf tiZ+t'on w kev^ft L> * 

t Ic 

M * .y^bWy * ■ ^tc*' V )6"l dl) = 2 be* J 

c ^ 

vj V»e*^ 4k e vT (a U f6l alt) 

Eva.jPu*+C j* a wv«,Hoel *4 ru>v*«*»*auP Cttte^vwhM* - ^ 5i'*>(>S0W 5 


vj - ^ W U 1<rl 


W e^e h/ is aw cc^A 4'*^ 4^*4v* r 

N/0..lw>€3 ,v ^ i'ke * 


4(7 - O.XS we. ge"! 


u 

\s\ 

IdOMV 

u| 6 l(MP 4 

0 

o 

0 

0 

0 . 25 “ 

o.ooar 

160 

MO 

0 . 5 " 

O.oOSo 

2 S* 

127 

O.lS 

O.OoiS 

ZG 6 


\.oo 

0.0100 

21 S 

7 . 1 S 


-r -. (O.ZSVHB?) 
3 


123.4 MPa. 


I 

4 

Z 

4 

I 


wolcUttftQ 

o 

160 

25*4 

778 

275~ 

1487 ♦ 


X WL) l^l 


- 123 .9W0 4 Bi 


H - G?)^.^)(0.02dV(|23^^/0 4 ) - s.n*lo* W-m * 



PROBLEM 4.111 


°-8 in.x B 





4.111 The prismatic bar AS is made of a bronze alloy for which the tensile stress- 
strain diagram is as shown. Assuming that the a-c diagram is the same in compression 
as in tension, determine (a) the maximum stress in the bar when the radius of curvature 
of the bar is 100 in., (6) the corresponding value of the bending moment. (See hint 
given in Prob. 4.109.) 

SOLUTION 

(cl) p =■ IoO t b ~ O.S in } C = O-G M. 

£ - ^ - - P*— -= 0.006 

c »* p loo 

4*k>e curve 


0.004 0.008 e 


S+Y*i' n Ji'vf t\ “ - 6* U w kert l) * ^ 

8 ending Couple 

M --^ys-lcWy - Sfc^yklJy ■ ZBc U )6l do = 2 be* J 

vA«re "Mie vT (a give* ky ^ dl> 

E Va.jPu«u+« J* a. toeHtool tff 1 . Xf Sonp 

Toft ic 4"ke in fegr-A.’how «'t 


J -- Z: woier) 

W k h/ is o. w ef^A tuaj t ^6'* n j 4 0 

]\e. \j*.Aot.s give* i* fke H*Ade * 


- O. ZS wc. qei 


ksi 1 olffljkS' l \AJ wolgl^ksi 


o.is O.oo ic 2S 

0,5 0.00 3 3£ 

0.7r 0.0045 *40 

1,00 O.OOG 43 


o 

IS 

So 

43 


O 

25 

120 

43 

224 


; ^ ^ » 

j z (o.; is-Xny ) , lg c7 ks, 

w 

M ^ (*)(o. 8) (0X^63.67) * I0.7.T k*p-»V 


Zwu 



PROBLEM 4.112 




whJL thf ™ ° fPr0b -. 411 *» determine («) the radius of curvature of the bar 

— the correspondin8 — ofthc «-*« 


SOLUTION 

W k - O.g c = O.C rn 


6^ * 45 le%.' 


"He - 

A. £»» _ O. QQS 
/° " c 0.4 ~ 

~ 75 im. 


O.OoS 

0.0/3333 


> .i 
»*> 


SW« s, * - =■ - e ^u w |,^ t Ur xL 

Couple 

M - 'j c y&lajy * 0 ) 6 -|do = 2 be* J 

v.V,« +»,« J- Js 3 , v ,„ ty. £ u Iffl «lo 

Ev^«a« J a. we,U^I o-f V vke a i^i»n . If S.'«,p»«wi'* 

^ f it 

vT - ~ Z W 0 16*1 

vAe^e */ f» a WCC|A-K^ -koV, /king 40 r 0.25 ^e-f 
'B'ft v q.^ 65 2 ,ye ^ loeJ^oK; * 


u 

l£l 

1 Si j ksr 

utel, ks / 

W 

wl) \<S" 1^ W 


0 

0. 

O 

0 

\ 

0 


0.25 

0.00 X. 

32 

3. 

4 

32. 


0.5 

0.00 4 

32 


7 

38 


0.75 

0.004 

M3 

37.25 

4 

127 


1.0 

O. oos 

MS 

45 

5 

45 







?/i// «-fc- 










j, myi , z< ,.s3 ta ,. 


vou |<S“I 


M - UXo.8)(0.6') l (^O.S3) - \|.7 kip - ivi 



PROBLEM 4.113 



4.1 13 A prismatic bar of rectangular cross section is made of an alloy for which the 
stress-strain diagram can be represented by the relation, e= kef for a> 0, and e- -\k(f\ 
for o < 0. If a couple M is applied to the bar, show that the maximum stress is 

1+2 n Me 

= T 

SOLUTION 


olfs'frf 0 vskt-r*. O - 

cotip)e ^ 

1^1 •= - ^ y CT holy - jj* y I®) ~ ~c 

z Zbc 1 [ 0 |$l do 


For £ - K ^ 

t- u *icr ,s ' 1 - ff - u4 

TU- M> 2kc' (' a5.o*J. -- 2ic«.^ o" 5 Ju 

- 2bc l 6* 

- 4bc |7X/ 0 un+! m 


~ . £a+ I M 

‘ 2 be 1 


£ - I* Ja ?^ ' = If 


- _ Zn+ I Me 

" 3n I 



PROBLEM 4.114 



4.114 A prismatic bar of rectangular cross section is made of an alloy for which the 
stress-strain diagram can be represented by the relation e - kd. If a couple M is 
applied to the bar, show that the maximum stress is 

1 Me 
Gm ~ 9 / 


SOLUTION 


B C6dp)e 

H = “ § y(> bely - 2b y ISi e)y - 2bc j £ Id ^ 
- 2 bc[ o ul<sl Jo 

For £=KS\ 

t ■ 0 «l£V »ci’ ^ 

TU M - 2te* £ UG m U*Jlu = ^tc <5^ Jo 

r 2bc l SU. ^rj - 

" 2<i I. / 


<3,- 


*n+ 1 M 

2 be 1 


o„ AS JL - X .bAft. I ? r *l c ‘ . _L_ = 2C. 

k'eca.i'j' c * ,a C 3 ° c " be 2 - 3 1 


I Me 
' 3n I 


w,+l* n = 3 


_ (*Ya)+i he _z Me 


*\ I 



PROBLEM 4.115 


4.1 15 Determine the stress at points A and P 
60-kN loads are applied at points 1 and 2 onlj 


150 mm. 


iT/j — 150 mm 


. j mk 




SOLUTION 

(.0-1 Loftfi'Mo, i*5 

•j 

V = l$0 kW - tSO*/O s N 
A “ (30)(ZHO) - 2/.6//(> S Kvt « Zl.C*to'* ^ 

A+ A a*c\ 8 6 = r -g . 33 P* 

A 4|.£ */0 s 


=-8.33 MPs. 


120 mm ^ 90 mm 


.;p (V)') Ecce^jfi c Jbad 

120 t 
120mm ^ 90 mm p r 120 k M - l2O*/0 

M - (G0*IO S )()£> x/o* s )» l.o x/o* NJ-** 

It Ja * u(lo y^o) 5 » I03S$*IO C ^ - l03.CS*/o‘ 4 ki" 

C = 120 **>*vt f O. 1 20 

« 8 6, - j- » Jfe • 'Sg < ' A-SA*»‘P.. »«, 


PDnni riu 4.1 J 6 Determine the stress at points 4 and 5, (a) for the loading shown, (A) if the 

U ‘ 60-kN loads are applied at points 2 and 3 are removed. 

60 kN 

150 mm 60 kN SOLUTION _ 

(a) LoacI*’*^ 15 Ce*T^«c 

_ ISO UU *■ I80*/0 3 N 

A * (loXa 4 **)- * z\x*\6* *v> x 

pPI WA«J 8 - 8-33>lo‘ p« 

A 'P'5 ; H ® “ 8.3$ MPa. -S3 

j, , . ? j|p (V) Eccew4tc $o*A i * 3 

! |J ?: !6o kN - co '*/ o’ N 

120 mm 

120mm ^ 90 mm ^ r (CO X/O 5 )(lSO WO"* ) “ ?.OX/Cr 

In j^bVi 3 = 75 O'Xz'io) 3 - loS.Sgi'/O 4 ^-, y * to3.68r/d e 
c - 130 - o. / 2<9 m 

AM v-f ■ - ¥■ -- -fgig. - 

»» = =« Mft - 


PROBLEM 4.116 


15° mm 


pp 

I 


120 mm ^ 90 mm 



PROBLEM 4.117 



p 45 mm 


of,he h “ for “ p is s - kN ' *•—» - 

SOLUTION 

A- l30)(2<0 r 7 30 w,*,’- 7 7X0*\d' **, x 

e - 4S - 12 . = 33 - O.OS3 w. 

1 ; £ 1 °^* 7 k&Xirf? 3 H.St»\ 0 3 *, n ' t T 3 iS<*ld V 

t; Sin. : p t § y /o S ,V 

M - ?e ?(8*io*)(o.osz'j w 

MA g. ^ r _ i*j£. (w)(o.ti) 

A 3: 7X0*id l Sisixupr 

=- 102.8 Wo‘ =-lo2. 8 MPa. «« 


w e 6; ? -■£ + £!&r -ir/£i . (.wxo.n) _ * _ . MD 

B A x 7Xo*io< 4 34.« v (0 -i " 80 - 6 * , ° Pa - 80.6 MPa 


PROBLEM 4.118 



V4in.^ 
[*— 10 in. - -| - «-| Section a-a 


4.118 The vertical portion of the press shown consists of a rectangular tube having 

a wall thickness / » J in. Knowing that the press has been tightened until P = 6 kins 
determine the stress (a) at point A, ( b ) at point B. 

SOLUTION 

i '*• 6 fc.ps, 

"• A - (3X4,1 - iz)(%) r c;« l 

I ? it A(2V3) S = ILS in* 


c ~ 2 if 


e- 10 + 2 r \7 ,v. 


M= Pt ; &Y ia) * 72 P>. ,v 


<*> 0 *' f * T’ f 

(t,^ er, = ^ - ds. t £ - r - a. sn k^f 



PROBLEM 4.119 



f‘ 4 m - “ C*Aoo\ li Zjf in.O< Sif m. 
— -W Section a-a A - &tS)(l.%S ) ? L t.£&7Si« 2 

X - ^(?.2s-ys.^5) 3 - <?.sc35" ;« y 

c = a.v^ e-* )o + 2 - /s? iVj M * Pe - COO?") - 12 k*i p* r* 


4.118 The vertical portion of the press shown consists of a rectangular tube having 

a wall thickness t= \ in. Knowing that the press has been tightened until P a 6 kips, 
determine the stress (a) at point A, ( b ) at point B. 

4.119 Solve Prob. 4.1 18, assuming that the wall thickness of the vertical portion of 

~y the press is t - J- in. 

3 in. 

, _JL SOLUTION 

B 




j-«— lOin.-*-!** *] Section 

4 in. 


^ 2 4 .Me - — ^ — t JZ = /g. 


\ O- _ 4 JUJm - — = t . 

ta) O a ^ ft X *.687? I.sc.^s 


34 ks 


(*- I - ^ =id 


1. ?<>*>? 


= - J3.7S *s.’ 


_ . . _ n 4./20 As many as three axial loads each of magnitude P - So kN can be applied to 

PROBLEM 4.1 1 the end of rolled-steel shape. Determine the stress at point A, (a) for the 

SO mm loading shown, ( b ) if loads are applied at points 1 and 2 only. 

“"“Xyj W 2oo*'3i*3 

u >1 p| SOLUTION 

P | For ^ 200*31.3 Y'oJJed s+ee# skcyie 

l^jJ A" 4-000 - H.oo^x/o' 3 

C = i J r 2 (210) r 105* “ 0. 105* ^ 

1 - 31.4 *10*".*.'* - 3l.^x|o' 4 h 4 

(a) Cftrvfrfc 

3P = So + 50 4.50 ~ 15*0 kk) = ISo* id* 

C = * - ^^.3 - -37.5*10* Pa * -37.S MPa. — » 

(fc) £Tc< e**ir»'c C r #0 - 0.090 »*\ 

2p t io + ^0; 100 Uld “ 160 x)0 3 M 

M - Pe. r (so'io* )( o.oso } - 

S" = - — - Me _ /oo wo 3 _ («Koy|o*)(o .ios^) _ 3s.H^lO c ftc 

A T 4 0*/fT s tl li vJA't J ' 


4.0 x /© 


31. 4 * 10 ' 


= -3£.4 MP*. 



PROBLEM 4.121 


80 mm 


♦ 4 li 21 ^? a ^i s !5^ a ^ aJlo ^ < ^ ofma 8 n itude/ > “ibkN, can be applied 
tothe endofa rolled-steel shape. Determine the stress at point A, (a) for the 

loading shown, ( b ) if loads are applied at points 2 and 3 only. 



SOLUTION 


w XOO* 31.3 




W 200x31.3 rotfed s f t€ J s ^ pe 

A = 4 ooo MW 1 = H.oo xio ' l w l 

c = * aCai©)- lo S~>~> * o.ios™ 

1 - 3i.4x io 4 - 31. V- xio” 4 
(<x) Ccrvfnc JoaeiifUf 

3P - So* SO + 50 * ISO kU r | S0*IO l H 

7^* - -S?.S-WO‘P«. r 


<1.0 *JO 


0?) Ecce*4r.'c. e = go - 0.030 ** 

M - Pe * (SOxio l )(o.oso) «■ q.ox/d* N-»\ 

€T* r - ^ • -J^L X <P 3 + &QWQ 3 )fo.lo 5) _ . . • *, 

* A J H.Oxio-3 * 3i.v */ 0 -‘ UM y/0 ^ 

- - MP*. -« 


PROBLEM 4.122 



KmJL fhTt S?* A . must ** introduccd int o a solid circular rod of diameter d 
*5" **» maximum stress after the ofect is introduced must not ««*dW 
the stress in the rod when it was straight, determine the largest ofl&et tlS^lS 


SOLUTION 



F<v c&vifn'c -PoaA i 
Few ecct^iric Uj; n% 
6" c - 


r- F 
^ = T 


. £ , £is 













PROBLEM 4.125 


ISO kN I 90 mm 90 nun I P 


1 fcr !? ShOV r,^f appl ! cd to a n "®* d P ,ate supported by a steel pipe of 
40-mm outer diameter and 120-mm inner diameter. Knowing that the allowable 
compressive stress is 100 MPa, determine the range of allowable values of P. 


SOLUTION 


A - f (}M0 V -12o'*)“ H.08<t*/oV*N H.OMylo' * 

B 3- = C^o H “ ^4 M ) s 5 (iMo**- 120 ** )- * lo" 4 w 4 

^ * 70 k *,»o = O. 070 m-i 

F= ISo* to 1 +P j M - CO.o^o)05»WO # VCo.o<io)?r i3.5»j<? 4 - o.o<* ? 

At A & S — E- - Us. r -U£* ll^VP ( 13 /x/o 3 - O.Oj P)(o.o 7 q) 

* .A I * fo* 3 g.679*/o- 4 

“ - ItfX&l * 10 * + 48 J.OSP = -loOx/o 4 -\ p * N 

At B 61 s -£ + tte r ~ (l 5 Q*lo 3 )+P t (l 3 S*lcP- 0 . 0 ^PXq» 07 o) 

* I 4.0$* MO* 3 g.4?9WO- c 

' ia.l«y|0‘ - 970.7S p = -/O 0 * 1 O* P* l7?.3>/o S V 


At A 


PROBLEM 4.126 

150 k.N | 90 mm 90 mm I P 



^*8 1 <\) < p * 1.77.3 kkJ *•« 

4.126 The two forces shown are applied to a rigid plate supported by a steel pipe of 
1 40-mm outer diameter and 120-mm inner diameter. Determine the range of allowable 
values of P for which all stresses in the pipe are compressive and less than 100 MPa. 

SOLUTION 

A " Tj (eC • «l/ ) - ? 0 1 0 l ~ \Z o ) “ 4.0&H * lo ^ r 4.0%i *ld' ^ * 

I = &(•*.''-*{')' &-(lH o’- Uo’> 8-W*lo‘ 8.<7*»/o‘‘ 

C = t ” 70 i*i>*i " 0. 070 tv\ 


ISOX/O^+P^ M - C0.C>^o)(/5O X/O* ) - 0.0*70 p r is.S’k/o'- o.o«?p 

I- A 6: r - H - Ms r (/sp»/p % ) + F _ ftt-SWO* -0.07p)(0.07o’) 

* A J *f.o«*|wlO’ s g_C73 */o‘ e 

- - HS-Gt *lo c + M3 1.03 P = - loo x|o* .*. p? N 

^t.|*l5.4/x/o 4 t^/.03P = o P-303*lo J f* 

stress A^.'tj J A <7V.8 M < P ^ 3o3 JcL* 

IB (T - _ -E . - - OSo*l(?y+ P (iz.s* lo*- 0.01 P)(0,Q7o) 

8 A I *LoB<t*lo- 5 ?.C79vdo* c 

" 77.153**10* - 77*. 7S P = -/oox/O 4 P - 177.3 *lC? V 


At A 


At B 



S'ar 72 ./ 5 r* /O 4 - 970 . 75 “ P 


P- 7 ^. 3 */o*N 


Bcse<l om S+ress oA B 

Sa.se J OW ka4li f S 


7«.3 kM< P « 177.3 kk/ 

?*/.8 kw < P « (77.3 kW 




PROBLEM 4.127 



4. 127 A milling operation was used to remove a portion of a solid bar of square cross 

~ L2 d ** 0-* and o* *= 8 ksi, determine the largest 
magnitude P of the forces that can be safely applied at the centers of the ends of the bar. 


SOLUTION 




c’id 


2 Z 


S- 2. * Ht . ? ££sd 

° A X ad * ad* 


■ - h ♦ m&' 4) * x p 

K r 3GT + 1 <137237 * = *•** 'V 


^ C %A a.**- • d^yo.S) ( 

p 1 f - - sfei * 3 - 07 *■>’ 


PROBLEM 4.128 



4.128 A milling operation was used to remove a portion of a solid bar of square cross 
section. Forces of magnitude P =• 4 kips are applied at the centers of the ends of the 
bar. Knowing that a = 1.2 in. and o* = 8 ksi, determine the smallest allowable depth 
d of the milled portion of the rod. 

SOLUTION 


A - ad, I = i^ad^ c-id 


= 

2. 2 


r JP + Pec , ? + P t&z jM , JL + 
A i ad j Arad 4 <*4 


6 = - -2£. 

4* 


or S’ 


d l + -2£d - 3P = 


Sa/vt'wj d d r ^ ■/(§§ V" ^ P^" 


_ *P 


* 5X31 7 7 X + 0^X8) - ^ 


ad* 


s 0 .S7T»\ 




PROBLEM 4.129 



MW/////, 


I 





4.129 Three steel plates, each of 1 * 6-in. cross section, are welded together to form 
a short H-shaped column. Later, for architectural reasons, a 1-in. strip is removed from 
each side of one of the flanges. Knowing that the load remains centric with respect to 
the original cross section, and that the allowable stress is 15 ksi, determine the largest 
force P, (a) which could be applied to the original column, (A) which can be applied to 
the modified column. 

SOLUTION 
(a) Cev'rf^fc 

A * (3)0X0 = 

0* =- £ V =-<$',A=-(h5)Ci«) * zio — * 


£cce^\}(/'ic Jotcd ivi^ 

tfedt >ced 5 ec-h'v* 



A/irf 

in. 

Ay.j <«* 

© 

G 

3.5 

X.I.O 

© 

G 

0 

0 


4 

•3.3 

- 14. 0 

2 

1 G 


7.0 


y - 5 A.y» 

r ° ~ ZA 

_ 2i2. 

14 

- OATHS i* 


"ITtvc A iV-cs 0.^\37S in ■fv'oM* "H\e i-vuelpofrt'f of flic 1 *seX>. 

I, = ^r(O(0 S + (^(Z.062S) X - 56.773 m* 

I 4 e AO^O 1 4 (e) (o.ws Y - I'i. ih s 

I 3 » £0T6^ S -* > 




I « 

I. + Ic 

- Ij - 

13* 

.xi c = 

M - 

Pe- 

vAe** 

e 

t o.h&s’ ;* 

<sr - 

_ 

A 

Vte. _ _ Z 
~ • A 

- £p - - K P 

* 

„ X 4 

££. * ■ 


(0.‘mxX‘M37X) _ 

A H 

X 

\c 

132.2? 

p -- 

.£L . 
K ‘ 

-IS 

6. 0765*^ 

7 

: I^G.o k*ps 



PROBLEM 4.130 



4.130 A steel rod is welded to a steel plate to form the machine element shown 
Knowing that the allowable stress is 135 MPa, determine (a) the largest force P that 
ran be applied to the element, ( b ) the corresponding location of the neutral axis. 
Oiven: Centroid of the cross section is at C and I z - 4195 mm 4 . 


6-mm diameter 

t J SOLUTION 


13.12 mm Section a-a 



L — 13. IZ — |0.«S -j 


(a'l i . A = (3)(l4)+ f CO* - = 8Z.Z7*/6 c 

I - H 115 »vitwi ^ = 4 115 v | o 

e = 13. 17 **>*, - 0.013*2 w, 

-Pe. &+ress y - -IS. 12 ^ ~O.Oi3lZ 

& = x + B (.*■+ • kp 

P - f * = *.««'/«>• N ^ 

(t>) LoCA-^ron nev/fr'A^ «*.y**s. (5" - O 


S3. 188 y /o S 


X.S32'lo* M * jp.^.kN 


<ny‘s, G" s O 

■ ® 


_ x 


mis*/ o-“ 


_ _L 
X A 


— SI' y / o * **1 * 3. 81 *♦> 


° Ae W.Zlxlo-^o.oyz,*) ~ 

Tlr\<! 6A.y\\s, 3.89 »•*** +k« ©r +1^? ce«* *iw^ 

o S' 17.01 “fa "Me Kg lit ef *fAe «?i oj a.o’h'd^ © 'H« ^OCuois. 



PROBLEM 4.131 



4.131 Knowing that the allowable stress is 150 MPa in section a-a of the hanger 
shown, determine (a) the largest vertical force P that can be applied at point A, (b) the 
corresponding location of the neutral axis of section a-a. 


SOLUTION 
LocaAe. c.eyy'ir oi’ei 



A, w»*v 

Jej •"»»* 

A 36 , 

a) 

1-2.00 

3© 

36*iO $ 

G> 

1700 

TO 

84 x [c? 

2 

2400 


i20x/0 3 


20 mm 
Section a-a 


y . 

= UDx/0 3 

— So v*\ ^ 

Th« flits SO + of f kp 

e«^e of +k« se©*W©** 

m ~ pe* 

e ■* Ho +5o = ?o - o.o^o ^ 


X f =■ 7 ^ CuooX^oV - 8^0 */o 5 * <«/ 

It. it (^)Uo) 3 +('/aao)(^o) x y 5*20 X jo* 

I* J t + 1* =■ i.s 6 ox/o 4 w,J - i. zio*\o ~ 6 A - moo*i6‘ ^ 

(o?l 'Bo.sed o* Ae-^Si'^e s4tress <x4 i^f4 - ^y = -5"0 - -O.OSO m 

KP 

i/ ^ J~~ - f . 

A 2 Mooxicr 6 

p _ 6~ l5~o * /o* 

r ‘ K *>.nss*to* 

(b) Loc^fta* of neo»4rA^ ax fS • 

s .£-^= o 




(O.oio X- o-?S°) „ 

1.360 

yo . 3 *io z b) 


40.3 kM 


C= O 


£y . X 
2 “ A 


1.36© x /o 


= 6.3 O x/o' v>-» - 6.3© w,i 


^ ' A& (moo *10 ‘ c )(0.o?o ) 

The Heoiv^J ayfs 6.3© 4-li« oT +l»e ce^*W'«>\W 

oif' S&- 3o -He J*^f4 e«l^€ 




PROBLEM 4.132 



Rowing that the allowable stress is 150 MPa in section a-a of the haneer 
shown, determine (a) the largest vertical force P that can be applied at point/* (b) fhe 
i corresponding location of the neutral axis of section a-a. ’ 

4.132 Solve Prob. 4.131, assuming that the vertical force P is applied at point B. 
SOLUTION 

8 LtfCafc Cc./iVo/el 




Aj 

^fo j 

A.Vo •> *** 

<D 

IZOD 

3o 

3^x/q 3 

© 

— i 

U66 

70 

%HvlO z 

z 

Moo 


1 26 / /O 3 


ZA 

- sTO 


-60 mm —*-{-« — J 
20 mm 
Section a-a 


Tlie ce*Hoid hes SO -f© -He ^ v> l \ 
fkt Jter^ ©4 •He 

o.t>op)e M * Pe 

e - i?0 => -70 T - 0.070 w. 


I,= +(iaooVaof «• stox/o 3 ^ 1 * 

Ii r TiC (fi® )(Jo^ s + (I3oo ){So )*• * S20X lo* M"! 1 * 

1 = 4 -L * 1.340 x/o 4 *»,* * l.360»/0'* W 1 * A - avoo»/c>'‘^ 

(a) B&seol oi sAmm a* Mt e*ty rft s*o4,W. y ?-£&»* r - Q.ofo * 

6 “= ^ « L P 

K, r -L- ^ r ! (- 0.070^- O.oro) „ „ , 

A X 24ooxier< i. 34 o«/n** “ ~2*ISG9X/o v* 


K L = t- ^ -- ±O'07*K-M 

A X 2MOOXKT 4 l.3fcov ^o‘* 

p = — - - isojfjo* _ -- - a 

K t ‘ -2 j $ ei*io* “ y/ ° w 


" - ?. I^G? V/O 3 v*T 




6cse^ ow sHess <x4 iVjkf e«lje o4 sec-^Voi* * - 30**^ - 0.63 

© 'Jr - ^ • k; p 

= * -■§* - z&zn*. - H£:l ( ?o* 0) - 

O „ & . )SO*lQ< . 

' " K T^idsTi^ r ~76.vS </6 3 V 
CkooSe He vaiu* P* ~ €>*=?. 6 v/O 3 |VJ £?.£ kKJ 

(lo) LocA/h'o^ o£ y\eO“itra^ o-x fs * (5~ — o 

^ * £ ~^F * ° ^ “ 4 

v - _ >-3fco v fo~* _ _ a _ 

Or ~ Ae. (?^o©x|o- c )(-b.07o) ~ -S.Jox/p *> r - 8 ./o hh* 

Meo4r*^ A.xi5 >Pies SO - B. (© » Hl.*1 'Pi'*© in 



PROBLEM 4.133 
P P'h r**i 1 


4.133 Knowing that the clamp shown has been tightened until P=15 lb, determine 
in section a-a (a) the stress at point A, (b) the stress at point , (c) the location of the 
neutral axis. 


SOLUTION 

locate. C£*vfv*Oi'el 


0 4 in - 1 0.16 in. 


(EX|£? 

Or 

Section a-a 


p*a 

A . 

To/.* 

Av«»j i^ S 

Q> 

0.064 

0.72 

0.0U<<v8 

d> 

0.1o24 

0.32 

0.03277 

2 

0.\e.64 


0.07285 


Y - 
° 

_ O.CT Sg£ 

O, 


F i I i i 0.4739 n. 

nToni Min- The ceitrorJ 9'\i% 0.4 739 in. oJ.ni/t Po T>. 

■ ceu pJt M - Pe. 

-j e = "U+O.S- 0.4739 - 2.3J?£/ in 

I, - ^(0.4')(0./6) J 4- fO.064 )(t. IX - 0.4734)*' - 4.013 xlcf 3, i., v 
I*- it (p.te>)(&,Mf + (0.1014^0.4.739 -0.3^) Z r £.1X1 x lo 1 m'* 

I « X, + I* * «4.W*io-»' ,V 


j" c 

l.a- O.M734 

~ 0 • 326 J in 

Pe^ 

75 

(76)(:-Z3?&l)(o.3ZQl) 

:£ 

6.1664 

4.134 */o~ s 

= 

£.12 Ars/ 


y =• 

o. mas ; 

n. - 0-1 66» / * ** 


6- = -£ - ^ = -E . £sx , _Z£ — 
» A l A x O.I 6&4 


_ (7S'V-7.3^6nt>n..4734') 
7.93s */o- s 


= -7.S7 v lo* f( ” -7.S7 tei 

(c'l loc4l'£)*1 of hCc/fl^A^ tfCX'/ S 6" * 




i ! i * 


as* iq-* 

(O. J66S)C-*.32CO 


6" x o 

e* _ _L 
X ~ A 

r -0.0257 i*n 


T%« he»-4v*.P <v>rf5 >Pre.S 0.473*? - O. 0*57 - O.SS# / *\ . a-kfl\/e 
po»'*A‘f 4D. 





PROBLEM 4.134 



4.134 A vertical force P of magnitude 20 kips is applied at a point C located on the 
line of symmetry of the cross section of a short column. Knowing that y = 5 in., 
determine (a) the stress at point A, ( b ) the stress at point B, ( c ) the location of the 
neutral axis. 


SOLUTION 

Loictle Cer.t foi 4 


|-*-3 in.-* -*-3 in.-»-j 


fWt 

A • z 

A s IM 

y, - 

Ay, ’■** 

® 

12 

S' 

GO 

© 

8 

2 

16 

Z 

2o 


7C 


v = 


- 3.8 ; 


21. « V 
3G.SS 7 in'* 


(T) 'y -1^' 2 in. U Gce*‘fv'-‘e» ly of Jo&J G ~ S - 3.8 - 1.2 »« 

' ^ ‘ I, r r 2I.C8 ?H f 

* 4 f i, - fi eowf + ») * 56.587 

I r It + -la r 57.867 ; n* 

1 in. 

(*) (a) Stress /A C A = s.8 in 

^ - - £ 4. £&?./ - - *2 . CaoXl.2Vs.2 s ) _ . 

^ A 2 ao + S7~zn * 

Ob') Stress d B C 6 - £ - 3. 8 - 2. 2 


2 in. N^/ 2 in. 

lin. 

(b) 


LoCCt^i o"f 

«e^W ax fa ‘ 

G* - 

0 


Pea. ^ ^ 

I 

. ea. 

2 


CL- -i- , 

57.867 

7 U/l lW 


A e 

(7oXi.2) 

A . “ II ' n 


h/eotrflJ ay fa 

2<e% 7.4M 

in. bed 

ce* 

= 1.389 

XV\ *A*V/*. p 

owt A, 



/. 389 /n 1 A 




4. 135 A vertical force P is applied at a point C located on the line of symmetry of the 
PROBLEM 4.135 cross section of a short column. Determine the range of values ofy for which tensile 

stresses do not occur in the column. 


SOLUTION 





£cce*irtci4j J/oolJ 6 = - 3. 8 /*.. 

y = e+ 3.g m. 

* I, - r *1.28 .v 

I, r ik (*)(«)'* (8X I -t) 1 ■ 3<iS *7 
1 s I, +i «■ £7. 86 7 .V 

J-F s+ress »4 A e<JO*Js p 3.8 I - * 



e - -i- , r 0.76/ ,v y: 0.76/+3-S - 4.<fCI i*. 

AC* (?o '»«.*) J 

Xf fifrMS 0-4 “B etfvaJs 7tro . C 6 - 6 - S.8 r ?.J 

0 - f .-t 

t S7.247 , . 

e r r “c^HT z ~'' 3/5 ,n 

N/ * -1.315 + 3.8 a 2. ¥25* ,V 




7, ¥85" i«n ^ < 


4.S&1 )vi. 



PROBLEM 4.136 


4.136 The four bars shown have the same cross-sectional area. For the given loadings, 
show that (tf) the maximum compressive stresses are in the ratio 43:7:9, (b) the 
maximum tensile stresses are in die ratio 23:5:3. (Note: the cross section of the 
triangular bar is an equilateral triangle.) 






PROBLEM 4.137 



4.137 The C-shaped steel bar is used as a dynamometer to determine the magnitude 
p 0 f the forces shown. Knowing that the cross section of the bar is a square of side 40 
mm and that strain on the inner edge was measured and found to be 450 g, determine 
the magnitude P of the forces. Use £ = 200 GPa. 

SOLUTION 

AV -Poca/fio** 

(S'- £ £ * (2oo*io 9 X‘(So«/o' e ‘) - 9o*/o* 

A “ (.40 N l(MO') ~ | G OO wm 1 ^ /600>x/0" & toy* 

X - X (ho^Iho) 1 - 2l3.33*/o 3 = ^!3.3 3*J& M 

£ - SO + 20 ~ IOO - O. (QO 

C ” XO vn»vi “ 0.020 

g • , £. + Me _ .£ + Pet r ^ p 
° A I A I 


V - -L + ££. - 

K A + “ ‘ 


|4oOv|0‘ 


(O.IQ^UO-Otot = , 0 Oo , l0 » 


213.33* lor* 


p . _ s ci 00 xi 0 *M = %oo kfJ 

r ” K ~ 10', 0<T x/o-s 







PROBLEM 4.139 



|— 10 in. — «-j 



4.138 A short length of a rolled-steel column supports a rigid plate on which two 
loads P and Q are applied as shown. The strains at two points A and B on the center 
lines of the outer faces of the flanges have been measured and found to be 

e A ~- 400 x 10-* in7in. e B = -300 x 10^ in./in. 

Knowing that E = 29 * 10 6 psi, determine the magnitude of each load. 

4.139 Solve Prob. 4. 1 38, assuming that the measured strains are 

e - A = -350 x 10^ in./in. e B - -50 x 10* 6 in./in. 

SOLUTION 


5*hrc.ss ss <sA A 3 •fVovn 

* >i 

* (2 < >*io 6 )(-3^o>'/o' <: )-- -io.iSyIo 3 *>,; 

<5& - - (79^IO < -)C-SOx/0' & )' - I.VSx/O* 

V* - P Q 


A = 10.0 in 2 
l t = 273 in 4 


Ce»'J^>le M - £ P - <o 

C r s /*» 

£ , Me _ P±0 (^P. 

* “ A X * lo.o ri 


-I ojs*ict 


0.0O9S9 p -o .XOfglGi 


g- - - Me . _ p-f Q 

s A x 10. 0 *73 

-ussier 1 - ~o .low p 4 o.oo'mQ 
(0 (7) s i •+> eoos Jy 

? - <*.?/ Vio * ik - 9. 21 kCfs 

d - 43.8 ^/O* A. * 48. S ktps 



PROBLEM 4.140 


25 mm 


90 m 



15 mm 


4.140 An eccentric axial force P is applied as shown to a steel bar of 25 * 90-mm 
cross section. The strains at A and B have been measured and found to be 
e A = +350 |t e B = -70 p 

Knowing that E =200 GPa, determine (a) the distance d, ( b ) the magnitude of the force 

P. 


SOLUTION 

V) = \S + 4 S* + 30 * 10 

k r C * *jtb - * o. OHS to 

A “ bb y***? ~ to 

1= &bb S “ I 'SMS'* to* 

= 1 . 51375 * */o“* vw* 


r 6*0- 45* = )5 * mm * 0.0 (S' to J = “3c>m^ - -O.OSOm 

Stresses ■fv'ow 5^*'^ ^ ^ or ^ ® 

6^ “ £e A ~ ')(350*/O‘ 4 ') «■ 70>/O l ?cc 


6^- ££ g 

s (3cx>x/o^ )(-7o > r /o' c ^ r - )4 >/0 & f&- 


’ A 

- My*. 

X 

(O 

6-8= £ 

- ily^ 

2 

(a) 


S' _ S' - M Al 

' j 



M 


y* -ys 


o. 0^5" 


H^+.pi y .^ M ty y, oi h y B 

P _ A (y»6* -y*6i) ,, ( 2 . 7 S«ld z ){ (0.«r)(-H *u/)+&Q*°'&W o4] 


qq.S * lo* W 


O. 0«4 5~ 


(O) 


tb ■) 


M - - ‘PeJ -• cf-~# - r °- OSO - * 3<3 ~*’ 


T - IcM-h, 



PROBLEM 4.141 


4.140 An eccentric axial force P is applied as shown to a steel bar of 25 x 90*11101 
cross section. The strains at A and B have been measured and found to be 

e A - +350 {A e, = -70 p 

Knowing that E = 200 GPa, determine (a) the distance d, ( b ) the magnitude of the force 

P. 

4.141 Solve Prob. 4.140, assuming that the measured strains are 

e A = +600 p e B » +420 p 

SOLUTION 

llSPr" Vi ~ 15 + 4 S + So = 9 O wi*** 

b “ 25 C = i h - ys >*i»i - O.OHS m 

A * bh “ (iS)fto) - MS*)*? 7.7S*Jo* 

I * kltf* Tkfa)fa+fT = LSltV'lo' 


? GO - HS = is = 0 . 01 5 ^ ^ r 15 - 45* = - 3D~>~> - - 0.030 ^ 

Stresses -Firom 3^3 es ^4 A *B 

6; =• Ef, - C^OOv/0 1 KGOOx/o‘ C ') - 1^0 v/o^ fU 

S" a » Ego * (ZoOxIo’X^Oy/o " 4 ) - ^^/o‘ Pa. 

G. , ^ ^ 0) 

^ at 

G a - S'a «• - 

M , - I(g;-&5 r , _ /aiff W . M 


>~y a 


6. OHS 


(2) ty y>t <*-*4 CO ty yls 

p. AC.Y.^i- v,G~) - (3.^5 »;q- ? ~)[( 0-O^ IfcwoQ - C-0.03o)()20 */<>* ) ] 

j4-y* 0. 045* 


- 2H3«lo z N 

M - -PJ 

. , ^ - ±1 -12'S 

P 243 X'fo* 


<S * IO * »-) * & 


P - 243 kW 









PROBLEM 4.143 


b = 40 mm 



4.143 The eccentric axial force P acts at point D, which must be located 25 mm 
below the top surface of the steel bar shown. For P = 60 kN, determine (a) the depth 
d of the bar for which the tensile stress at point A is maximum, ( b ) the corresponding 
stress at point A. 


a — 25 mm 


20 mm 


SOLUTION 

A r t d 

cr - 

“ A 


I « £b at 3 
£ = *d-a 


Pec. 

I 


* 

. mC U-a.'UA)} - A V it 

^ bidT + d* 

(fiOOepU J W «». +° d. 


d - 3 ol ~ 75” *vn 


f _H (C)(iS*IO' z ') ] no *io c Pa. * ‘to MPa- 

l I 5 *icr* ti 5 *)o~ z Y j 


tu S', - 


£OxlO : 




PROBLEM 4.144 


b = 40 mm 



a — 25 mm 


4.143 The eccentric axial force P acts at point D, which must be located 25 mm 
below the top surface of the steel bar shown. For P — 60 kN, determine (fl) the depth 
d of the bar for which the tensile stress at point A is maximum, ( b ) the corresponding 
stress at points. 

4.144 For the bar and loading of Prob. 4. 143, determine (a) the depth d of the bar 
for which the compressive stress at point B is maximum, ( b ) the corresponding stress 
at point B. 


20 mm 


SOLUTION 

A - bd 

C - id 


X ~ bd S 
a - id-Ct 




p Pec 


X 


* ~ b ( A A' 5 \o l d d M 

t>pH -for <08 : w,H do A 

p ( JZcx l - o (j - Ca. = ISO > ^ 

dU * w < dp d* i ' 

AN iC- - £0 *IC> 3 _2 + (C X*5WO”*_) ] --10*10* pa. ~ -/0MP*. 

' Hoy'lo“ t /S**/o* (150*10^)* J 


PROBLEM 4.145 



M = 400 lb ■ in. 


4.145 through 4.147 The couple M is applied to a beam of the cross section shown 
in a plane forming an angle p with the vertical. Determine the stress at (a) point A, (b) 
point B, (c) point CL 


SOLUTION 

1-2= - S7.£*lo‘ s .V.* 

ly = (!•* ')(<?• iw y 

yA ~ - - y& ~ Q 


My ‘ Hoc Cos 60° - ^c>0 Am ^ M z » - ®»V 6(/ sr-'- 3 76*7/ jL*i* 


COL*) 

s'*- 


_ (SK.HlXo. C') 

£7.* */o" 5 

CSooXaO 

6.^0 x/O” 3 





- ■?.' 86 „O s p^r 

= 7.86 fcs/ 


Cb') 

Sa - 

• thl* , MyZ fi 
r r 

“*-*• Ay 

_ (646.‘llXaO 

6"?. 6 k/o* c 

» 00^0.2^ 
€.Y*for a 





- - •?.£* -/o a p»; 

* ks»* 


CO 

<s- 0 - 

a* i, 

* . C-SM-nKr.P-A) 4 
<57.6 xfcr* 

^00^-0.51 





^ ~ < ?-S6y p^r 

- - =).■&& /CS,‘ 




PROBLEM 4.146 


M = 300 N • m 


0 = 60° 


[*- 40 mm-*i*-40 mm 


4.145 through 4.147 The couple M is applied to a beam of the cross section shown 
in a plane framing an angle /?with the vertical. Determine die stress at (a) points, (b) 
point B, (c) point D. 

SOLUTION 

A IK 

I^r £(k 0 (*O 3 = f.ats&rkfn*? = L^CSSSfClO*’ 

ja 2 y * * - r 

Za = -Z 0 - ¥0 *i~> 


Mj* 300 257.81 M z r 3oos.Vi30°- K)*Im 

cr - M,Y/ M*Za ^ . 0so)06*lo l ) , 6?5f.gO(*J6*/cr**> 

W b A r J f Xy ~ ~ /.3G£^3x/o-* 

= - 3. 37 P«t = -3.37 MPa. 

, . _ HtYg. , MyZe _ X l«5c> X ) 6 *tQ- 3 ) (agM* 1 )Q Vo 

Cb ) Og, - + Zl&.HSxKf* /. 3£>S$3xio-* 

— _ )%. 60 * 10 * Pa, - - I8.£© MPa. 

. v . _ M,V. x. irks- - - O&X-IW 3 ) . (1^-81 X-iQ'io-’J 
X z Xy * ^iS.VSVto* 1 ).365’33vio 6 

- 3.37x/<9*P«- “ 3.37 MPa- 


PROBLEM 4.147 


4.145 through 4.147 The couple M is applied to a beam of the cross section shown 
in a plane framing an angle P with the vertical. Determine the stress at (a) point A, (b) 
point B, (c) point D. w 



Welo : I 2 - ^(o.sY*?) 3 - I S.'ZZS i* 1 * 

Jj - o.ozozs 


TMf'- I z - (2X10.333) 4 IS. r ,** v 

Jy - ttXai- 333) + 0.OJU>*r* W.U7 in^ 

Ya r ^ r " Jd - J ' - 7 C - H ,V». 

M z - 2.50 COS 30° - 216.51 

Mjr - -250 si, 3o° - I2S k'f 


(W 

■4*1 Ay 


(HC.gilts) t-mH-i) 

IIS.SI 92.68? 


- -17. 1C ks, 


cw> 6; -- 



(2IC ,si)(si t-wsK-i ) 

42. CS 1 


<£\ 


tftXo R*» „ Cl\t.S\)(r3) (rnsYrl) 

I* lj ' H8.81 42.6«7 


£.27 ksr -* 

I7./6 /C5.‘ ^ 




PROBLEM 4.148 


0 = 20 ° 


M ~ 10 kip • in. Bp 


4.148 through 4.150 The couple M is applied to a beam of the cross section shown 
in a plane forming an angle fi with the vertical. Determine the stress at (a) point A, ( b ) 
point B, (c) point Q. 


SOLUTION 

Lo ca. be c i«l 


_l? 

2 in. 4 in. 



A_, i\ v 

Zj in 

Az s in' 3 

0 

16 

- 1 

- 16 

£) 


2 

16 

z 

n 


0 


TV»e oA C 


II 

N 

H 

£(*)(*? 4 - 

28 in 

Iy ’ 

i C*X2l 3 •• iC^X */) 3 = 

64 i‘v» 

= 

- y« =• ' ; y ° T 

- 4 i»n 

z* • 

Z B * in , Z 0 ' 

o 


r |0 co«> XO° r 4.346*1 It* p-t* 


0 s » n 2o 


lc.>- io. 


e Jt , M v z. _ (3.tnoZ')W'> _ 0 .^/ JCs; 

0X1 " I z + I, *8 

.. . MiVb . M,Z, (l.ZW)C-l) t.te Mioz'X-M l = , ft7 

Cb ) 0 6 - “ + gg 6 T 

r . _ M*yp MyZ» r o?.3?g«0(- 11 4 0 , 4?7 

lCI U 0' T T 83 

_l z -H 



PROBLEM 4.149 


4 148 through 4.150 The couple M is applied to a beam of toecn^se^onshowi 
ina plane fonSig an angle ^with the vertical. Pennine the stress at (a) point A, (b) 

point B, (c) point D. ' 


M = 9 kN - in. I ^ 


/3 = 75° 


SOLUTION 


6 * 


lz „ -L^u^K *>? ~ -k0 9t >)C (t°) ’ *70 


60 mm 40 mm 2 


- \.€>ZQ£? * fO^ 


U-100mm— 1 = X(^oY^°^“ W “ £.3067 * /O 

" 120 mm - .si 306 7 X |ef c ^ H 


t + 

rum 


> r > ’ - * 20 


Z A = -?e = - 2, 


GO *'!*»'» 


M z T C'?* io 3 ) s;^ IS' 
- (<?* lo s ) =«a IS 


J.ZZ'Vi */o 3 N- m 
g. 6<?33 x |o' 


„ M.Ya , (g-ciss^XtowoL) 

(Q-1 <5* r + ly * |. 62667 * lo' 4 S.2o&? * i° 

r 55.3 x|o‘ f«. ■ 553 MPa. 

M. v„ M.7. ^?.52'?‘)*ld > )(3p»/p' 5 ) . (%.il3 2*lo , )(-6‘>*lo Z l 

(U S-^-lf + 53.67 K,o- 

_ _ /*f j. 2. x/c>* P<l = -H/. 2 MP«. * 

M.Yo My4 _ _ (a.32WI*)(-3<»lo*) (8.<333<<cf )(-<°»lo' a ) 

(c'l ^ ~ ^ T ' ).C 2.667 */o" 6 3oA7 x /o~ 6 


S -£51 3 X JO 4 Pa. “ -sS5l3 MPa. 




PROBLEM 4.151 

W310 X 38.7 is 0 



M = 16 kN • m 


4.151 through 4.153 The couple M acts in a vertical plane and is applied to a beam 
oriented as shown. Determine (a) the angle that the neutral axis forms with the 
horizontal plane, ( b ) the maximum tensile stress in the beam. 

SOLUTION 

F or VJ 3/0 * 38.7 
I = gS'.lxJO* * SS. I x/0~* 


= 7.^?x/O b v*"' - 7.77*10* ^ 

y« - y s » -yp - -c/« m - 'ss 1 —. 

Z A - z c = - Z B = - z c * CiKwri * **•* ^ 

r \6. t +S5'*lO % M* 

- 4. 141/ X lo 3 N- ivt 

+*< IS* - 3.f3&r 

- 7?. 3° 

o£ — 73.3- * 57 3“ 


165 mm 


M 2 - ( ICy/o 1 ) cos is ° 
^ : ( \6* |o S ) ^ ° 



8S.I*/o~ c 

7.77* /O' 6 


ftO M** »*«>*" +e*s«'-fc 5+r«ss po>vf tr 

m„v c Mv7 f (/5-.4^r*/o s )(-/5rx/o" 3 ) , O jjvjl y /° 3 
61 - - + -4“ ^ ,\;r^ + Tr7VT5^ 




gS.lx/cr* 1.17*10-* 

7 S.I*10 C To. “ 73*. I MRa. 



PROBLEM 4.152 


$150 X 18.6 . 20° 


M = 1.5 kN- 


JL „ y 7 /85 mm 
152 mm 


4.151 through 4.153 The couple M acts in a vertical plane and is applied to a beam 
oriented as shown. Determine (a) the angle that the neutral axis forms with the 
horizontal plane, (£) the maximum tensile stress in the beam. 

SOLUTION 

For S ISO *\V.£ roJJeJ s4 slucp-e 

I 2 - «?.7/ X/O 6 = 9JI Xl o“~ W* 

3^ - 0.12Z*(o* Mm* 1 - £?.7^x/o' 6 
2 r - -Z A ~ - Z 8 - ) 3 W‘ s ^ 

y A r y B s -yt> * -Ok r&'tOs '* 7& 


- US*/o 3 ) s.‘* *■ 


O.fiZoZ x/O 5, 


- ( /.S’* /c>*) c«>s r i.^o^a/o 3 W-ho 

Cl +~S> - - »-» 7 



<p * £8.2/ 

= g8.^« - 76 


8-2/ 


Cb') Ma.xt**u*\ 4ensifl« s+res-S oc.coi/'s *4 J>of*+T> 

Mz H v 2x> . _ (O. 573o>fo 3 I-7C y ^ 3 ) v (I.Ma?5->/o 3 X77.5x/o- 3 ) 

^>“ " “ — + ■** r ?. 1/ X/O' 6 ^ -7 


0.782 


- $6.<UlO C fc. 


20.1 Mpo. 


PROBLEM 4.153 


A 20° 


C8 X 11.5 


M = 25 kip • in. 

0.571 in. 


A 

\ \2.26 ii 


4.151 through 4.153 The couple M acts in a vertical plane and is applied to a beam 
oriented as shown. Determine (a) the angle that the neutral axis forms with the 
horizontal plane, (b) the maximum tensile stress in the beam. 

SOLUTION 

W CS^lt.5 aJJW sieeJ 

r 2 = i.sz ;i ¥ iy = 32 . g 


- 0.4 




-- ye, z -o.^7i .v 

y e = y A - Z.X& - O.S7) ~ 1.684 

2 ,SS OS' k>(>* on 
23.4 92. iV 


|^)y ~ 25^ 7.o° “ BASSOS' 

V 

M z =• 25 ci Jo" =• 23.492 k->- iV 

(Ct) U»9* ^ +- © - ~ *"*»• * 0. 0.4737 

SJ V g )• o.s^/r 



<**■20- O.m ~ |9.U> 


(.fe'l 3+r<ts5 occurs si poi*+ T> 

~ !U . HyZ p (a^n)(-Q.57i) 

b - “ ~ + — * - “ * - - ZZ. Q> 


r JO.J62. 4- 1-099 * >1.21 ksf 


PROBLEM 4.154 


4.154 through 4.156 The couple M acts in a vertical plane and is applied to a beam 
oriented as shown. Determine (a) the angle that the neutral axis forms with the 
horizontal plane, (b) the maximum tensile stress in the beam. 





PROBLEM 4.155 


4.154 through 4.156 Hie couple M acts in a vertical plane and is applied to a beam 
oriented as shown. Determine (a) the angle that the neutral axis forms with die 
horizontal plane, (i) the maximum tensile stress in the beam. 


SOLUTION 


\1 = 25 kip ■ in 


'0.859 in. 


/ \ 2 m /D\ 4 in- 


<\7 


I y . = 6.74 in 4 
/..= 21.4 in 4 


l z .= 31.4 0 Iy- 6.7</ iw V 

2* - * 0.&5? /Vi 

Zo = -*4 O.SS* - -3.1*1 

Ja r “ ^ ^ ye - ^ ,v * > r ~ 


0-3^ m 


My' - -25 si« *S° - - 17. £7 8 Wp-i" 


N1 2 ' = 9S 45 


7.67S /f-Tv 


(cO 4** (p r i' 0 - 74— 4**05*) = 2.175*1 

4 b* * H 

(p - - 73 . 5* ° 



ot - 72.5 - ‘fS** ’ 27. .5 


([?) May ^iresS occw/J *4 p<»i*4 J) . 

~ _ MzYo Hy^o ( I i.as)(-o-25) (-l7.67gK-3.Hp 

"V 4- 7T — . y~ -t I I 


<S.77 


0.20*5" 4 S.23S - g.4V /fs/ 


PROBLEM 4.156 



4.154 tfcroagh 4.156 The couple M acts in a vertical plane and is applied to a beam 
onented as shown Determine (a) the angle that the neutral axis forms with the 
Horizontal plane, (b) the maximum tensile stress in the beam. 


SOLUTION 


l z = 5^ OoXso) 3 4 (^)(\CloXSo"iCHo - ZS.S3') 

-f £ 4. {\2o'\( t Zo){zz.Z3- \s ^ 

~ I. II * lO 4 * - l„ // V j(J 6 1^** 

Ij = z{ £( 3 °Xg o ') 5 + ^C 3 oXec.y 3 } = s.toncf **,*■* £-.10*10 


-6 4 

Wi 


jy e * ~ 2 3.33 


Z e = &C> mm 


M z ' * (*4 * /D 3 ) cos 7 S.GISZxlO 2, yt-j 

My- ( 4 x|0 3 )si'n - u<?o5^/o 3 

(*> +** qp “ i +»•» © * — - r ZS 9 = 0 . 075822 
Jy £¥<»Jor 4 



fe^is/’ie s iress occa/'s o./f p*;*i E 

6* M>V g f M Y ? C _ _ (3>C252v(c» 3 V-23.S3W5 3 ) j (Ije&oS* /c> 3 )(Go>/o~ 3 ) 

5 Ij I.IUIo" 4 5.^0* (0- C 

- 76.1^5” x’/o 6, + 18:7 83 xlD* t yg.OxtO* P* 


75. 0 



*4.157 and 4.158 The couple M acts in a vertical plane and is applied to a beam of the 
PROBLEM 4.157 cross section shown. Determine the stress at point A. 



8.7 in 4 
24.5 in 4 
+8.3 in 4 


Y ( 8.7 J s.s) 
£ o ) 

EF ^ 1.7 

FZ r 8.3 

r - 


SOLUTION 

L)sin^ Hokv'^s cv> Je j H-e 

a.ytes a*\J p »vjo*via^‘f5 i*€ATi'<u 



‘ 

23.2° 

I. 


) Q.Q-ll, 

.%* S. H 

H 

T 

,S 

- \l.C A 

II . r 

22.06 m* 

Hu 

, M 

sir Ow, 

- 

(&0) x » *o 

23.2' - 

23.G* 

k' f>' i * i 



H, 

-- M 

co^S 

T 

(Co) CoS 

23.2° =■ 

5S.IS 

♦ / n 



0* 

“ Ja 

005 & r« f 

z, 

e>«'o ' 

-3.32 cos 28. 2° ^ 

1.08 *»'** 

23. 2 6 =■ 

- 03 in. 


1 *a 

Co* ~ 

J. 

S«'A ©►x C 

-K0Sc^.2° + 

3,77 Sia 

ZZ. Z° - 

0. £52 in. 


M.u. 

M, 

>\h_ _ 

(Sf. IS )(- 

4.03> , 

(IZ.Gi 

) ( 0.5X-2') 



— + 

Tv 

I 

0 

22.06 

+ 

S . 

l*+ 



r ks.‘ 



PROBLEM 4.158 


*4.157 and 4.158 The couple M acts in a vertical plane and is applied to a beam of the 
cross section shown. Determine the stress at point A. 


SOLUTION 


M = 1.2 kN • in. I 


40 mm 
I 

1 10 mm 

1 40 mm 


l)si *3 MoW's *Hie pMaipaJ 

yw o-f i **\ e/'-'f i <*.. 


10 mm-*] [**70 mm+| f<-10mm 

I y = 1.894 X 10 6 mm 4 
I z = 0.614 X 10® mm 4 
Ip - +0.800 X 10 6 mm 4 


V/ F 


J=L_ T T 

- 4 b *1 



Y ( yl ° \ / J 

Z (o.6H) O.Sao )* to 6 ^ \ / / 

E (i .xs^j o ) * /o u z 

R - jrpN F 2 ^ - 7 O.&Ho ' 1 4 O.Zoo* * lO** “ I.OMS * lo^ 

r v “ (L25H - l.02H5*V /O* r O.lzisxicf hnm H - O.ZZ^S^IO ^ v 

I u r ( 1.25* + I.OMS-)*IO b Mm* r ?.27S s»/c‘‘ 

-f«* 20 m r -E£ . - I.W e M = 25. C7* 

My/ - M COS 9„ • (l.fcxfO*)** *£67° =■ I.OSIGXIO 1 A/-W> 

-C».2*lO*)*i*a£47° - -0.51«S>'/o 3 W-*, 

r <^5 — 2^ S»* * 4^5* c«s» 25".67 - 45" sf* 7.S.CT? ~ ^ £7 

V* " ^ cos ^ sm - ^5" cos 2^.67°+ * GO. OS' 


£■ r _ Hv U* f MoVji s _. 


I.QSI6 * /0 3 ^( 31.07 */Q~ 3 ) , (~0-^4&x /o 3 Xk°- Q ^~* /Q ^ 
0 . < m 5 ‘x<O ~ 4 & 27 Sf*/o“ c 


= ])3.0^O 6 K * 113.0 Mfet 



PROBLEM 4.159 
0 


*4.159 A 4 x 10-in. timber has been trimmed to form a beam of the cross section 
shown. Knowing that the couple M acts in a vertical plane, determine the stress at point 
A . 


y 

M = 13 kip 



1 in 

SOLUTION 

1 in. 


1 in. 

l)sOv\G\ P 

1 in. 

p^v'\AC> pc 


of i vi *>f 


1 in. 3 in. 1 in. 1 in. 3 in. 1 in. 


7 y = 291 in 4 
I z = 39.3 in 4 
^ = -22.5 in 4 


V ex'?) s - 22.5 m 4 
Z (37. 3_, XX. 5) - 4 

E (165. If, o) H 4 

4 . . El - _ 22 s 5 

far) • jrp- 155-.85- 

- 0.I787S 
£.07" 





R. r y - V 125.85* + XX. 5 1 - /X7. 85 m y 

X v - IC5./S - J27. 85 - 37.3o ,„ 4 

J u = 165. /5 + 137.85 - 233.0 ,V 

U A ? j A cos + z,s.«S, • 2cvsS.o7° + 5s.'^ 5.o? * x 1 . V34 ; n 

V A , z» Cos e„ - y„s.V. ©», ' s CVS s.07° - 2 s.'c5o7“ " SO* '■'> 

= l£ cos 5.07° » /4.9V k.> H 

Ho - 15 s.«, 5.o7 ® - 1 . 32 c U: P . /« 

^ Mv-U, , M.,Vl _ (I4.44X2.434~) . (1.326X4.80^ _ ? £ 3 ks/ 

°A ' J J ' 37.30 273.0 



PROBLEM 4.160 


P = 4 kN 


R = 125 mm 



4.160 A rigid plate of 125-mm diameter is attached to a solid 150 x 20ft mm 
72JX!" ^ St> w, . t . h t he ? nt f r of *6 Plate directly above the center of the Tf™ 

" f rce ^ ,s a P p J ied 31 E Wlth 30°, determine (a) the stress at point T (b) the 
stress at point B, (c) the point where the neutral axis intersects line ABD ’ ( 


SOLUTION 



P =; A/ ( compress i on) 

Mi* - Pft a»v>30° 

- - 2.SO b)* m 

H 2 = - PR cw 3o* 

- - (^IO'XMSkIO^'jcvsSo* 
t - 433 N'bi 




/ 



& 

8 


Ik = 7 T(l°°)0Sof= 56-ZS*lo w*? - SL2S *lo~ c » 

I 2 r ft ( \So)(2oo)* - I oo *10* tH»v, v = IOO*Jo~ c ^ 


~ x 8 ~ Ido hmv-i 


Zfr - 7 8 - 7i£* 

A 5 (2oo)(lSo)* 30*10* * 3Dx/o~ S yS 

CcC) Ga =■ - t (-»?^oU7<5y/g 3 ) . (- hssY- / oox/o 

A Iy X* 30tffcT* St.ZS'xlO'* loo */o‘* 

- £33 */o 3 Pa - £33 kP*. 


(t) 6ft * - +. r _ Ljx|0 ° _ (-ISO X 7<5y/0~*) , (-433.X looxlo’ 3 ) 

A Xy -^2 30x10"* ££.15 *lcr c loo*lo~ c 


e ~ ~a 


- -233 */o 3 Pa = -233 k?a. 

£.) Let £ k»e p<9 f**f an 4 8 lA^kein* net/ /■!**»/ e^4 . 


e; * o 


Z* * 75“ 


Xr. * 


- ? 


6^ - ^ ^ r o 

"**X 


x. r -i f £ 4. 160 *10~* C 4W© 3 A 

& ^z! A I* J -433 ( 3ox/o- 3 Si.7S*lo m * 




46.;? * lo~ v* - H&.7 


f > ot\i G Jhe.s J46. 2 ►h*v\ p/vptwi. p © r*v*t A 



PROBLEM 4.161 


P = 4kN 


R = 125 mm 



4.160 A rigid plate of 125-mm diameter is attached to a solid 150 * 200-mm 
rectangular post, with the center of the plate directly above the center of the post. If a 
4-kN force P is applied at E with 0= 30°, determine (a) the stress at point A, (b) the 
stress at point B, (c) the point where the neutral axis intersects line ABD. 

4.161 In Prob. 4.160, determine (a) the value of (9 for which the stress at D reaches 
its largest value, (i) the corresponding values of the stress at .4, B, C, and D. 


SOLUTION 



P- 4*lo a N 


M* r - PR 0 - Soosi* 6 

My=*-f X COS 


B 


r = X 

( 200 ) (if*) 4 r 

Sts.lSxlO U.S * lb 

1,» £ 

(lSo)(2oof - 

lOO * ID^ mw'* ~ lOO x/O 


/ oO m** 

- — 75* ^ *■' 

> 

ll 

(Zoo)ClSo')- 

3ox/o 3 - So^/o'^" 

. M,x 

Iz 

-|< 

wo 

I 

il 

Rz5in3 . RX CoS ©7 

" X* , I z \ 


- c 


Fi>\r <S ke a. >n v%w r O 

j§; of * , Rt b ws> x rx^si *e 
Je 


wx'-Vi'i Z “ Z D X* — Xt> 


p f o * + Rx D £i>t B 7 - 

<3* -I-t J 


S<r» 0 L j£ — (lODX/O )(r7S*lO — ) sr -g- 

- i ^ “ (S6.2f»to' i, Xloo>‘/o* ) 3 


CoS O 


COS 


0 = 0.6 


0 - S3.) 


Si* B - 0,9> 

✓ y 

p pLz* M,X* _ 4xiG? C^o oXp.tijSMd^} (Soo)(o^X lo0ilf ^l! 

Cb) <0 “ A * XT“ + £ - ~3o*to* looxIO- A 

-(- 0.13333 4 0.53333 + Cl ZOO ) *10 C To. - O.loo x |0 P*. = loo k?a 
5* ^(-0. 13333 + 0.£"7>333 - 0.-3oo)*(O c Pa. " O./oox/o Pa ~ /6okP<v 
T (-(5. 13313 4 0 4O N )x)0 (, Pcl “ - *33. 3 ifpo. 

0* r (-0.^2333 - 0.S3333 - O.Soo)* lo 6 pa - - 0.96?*/o‘ Pa - ~967kP<a 




•-» 


PROBLEM 4.162 


4.162 The tube shown has a uniform wall thickness of 0.5 in. For the given loading, 
determine (a) the stress at points A and B, (b) the point where the neutral axis 
intersects line ABD. 




ii C 


Jsjjfj 

i 


SOLUTION 



ly - - S. 53 S 3 ,V 

A * W(S^ - 6)60 - 7.0 in 1 

PesoP-f -po/'c e io <-/ / H ej Co’-tp'fles 

*P ~ 3 + £ + 5 s IS k*fs 

M z - -te.s)(3) *(2-5 ’)(g') i ( 2 .s)fe) T Z 2 .skif> - in. 

My = -Ci-arX*) -0.5.XO 4 (O.sXe) - ;« 


(cl) 61 = £ -4^ + A^ * i£ - 


A I 


2o.5-«3 


+ o°i k$; —* 


^SS33 


* - - 4** + 14* - 4 -~K*7*k*\ 


7 2t>.5»^ «.SX33 


Cb') U4 p©«*f M />« pei*t krlj<pne the ax«'4» i^+e/jrafs AB. 

z h - „ y* = ? , ^ s ° 

O * £ - ^ + £USl 


Yw r i (£ ♦ = jg^ 8 -} 

M t U I M.S i 


i2 1 SZZ \ iS_ 

7 7 8-S233 


LS4I i- 


£.5 + LBW - »3„7V/ in. 

Answer? 3~7*M /^. •djO'ff pdi’-of A, 


PROBLEM 4.163 




4.162 The tube shown has a uniform wall thickness of 0.5 in. For the given loading, 
determine (a) die stress at points A and B, (6) the point where the neutral axis 
intersects line ABD. 

4.163 Solve Prob. 4. 162, assuming that the 6-kip force at point E is removed. 
SOLUTION 

A AJt jy - and 2 . - a-ieti <xs sb©w*'\. 

I, - ik (ftXsl 1 - -h 0060* ^ iv,- 

Ij* ■&■ (*)(*,)* ?.S8Z3 .n* 

A - (3)(S"> - (2)C*0 r 7 .V 

-for?.* counts 

? * 3 + £ =7 kr» 

? 4 (2.5)(c) * 7.S Uip»i*A. 


H 


-0.5 )(^ + 0.5 )(c) - V.s- k; p - i*. 


. .. r P M.M. . M r 7. - ± .(Mltlll , B 2.9* to,* — 

&*•) Sa - £ 7 20..T8 3 7.S-833 

6-.-. = 4-£M*ML » , uu k! ,' - 


(V.) 


A I v ' Ij 7 20.^83 1 SSm 


sr. * o 


o 


poi^'f K ■f’Ae 

poi'nf 

^ - 2. -S’ in 3 

z* * 

c -E - + 

HyZ< 

A la 


’ t ^ ( J^k 

_P N 

1 

* v ^ 

A > 


1*1. 


\.f 4 0.7/5 - 2.sur M 

A^st^c^ * 2 15 m. -f-o fke of p*>»uv+ B. 



PROBLEM 4.164 



4.164 An axial load P of magnitude 50 kN is applied as shown to a short section of a 
W 150 x 24 rolled-steel member. Determine the largest distance a for which the 
maximum compressive stress does not exceed 90 MPa. 

SOLUTION 

Add j- J z - ctxes>. 

W 'ISO* 

A - 3 o&o 3 s 060*10* ^ 

^.<4 *)0“‘ 

Jj - j. 83 x/o e ~ J. S3 * Jo >~ 
d - ICO HAW , 


^ * - i 5 - 90 "*■ > 


T 1 02. WHA 

A =■ Tl r 57 

p - go x I 0 3 N 

yi z - - CSO’f|O a )(7S-/o'*) *-3.7 S»lo s >J'*M 
My r “Pa 

. Hijfe- + H v A g; * ?a 


ry~ 

Jak 


T T.{ ¥ + A + 

I. { C-3.7 g.jo»K-*>ncrO J. Joxi^ + / 

F i .. I 5 7 \3.4*|0~ c ZofyOYlcr 6, 


S I X 10: 


t= l.&Sx/Q I 1 G. 3^0 

.51 *icr a <■ 0 


N • hi 


My - |.83V&*<o- 
Ct = - " “ 


- -./.83f8*/0 

M 
P 


3C. gx/o' 5 ^ ’ 3C. 8 


,5b vto : 


WHO 



PROBLEM 4.165 


IP = 30 kN 


4.165 An axial load P of magnitude 30 kN is applied as shown to a short section of a 
C 150 x 12.2 rolled-steel channel. Determine the largest distance a for which the 
maximum comoressive stress is 60 MPa. 




maximum compressive stress is 60 MPa. 

SOLUTION 

y - a.nd 2 - <*-S 3 A 0\ASV\ 

For C I So * W. 7. roHed *+e«-P 

A “ mm ~ 15^40 * jO V*-\ 

d - IS2. wm 

bf ~ A’ 8 

L w B 5*. i m** 

I 2 * S.$$*i**n* 4 - &.3S*I0~ C n* 

Iy * 0.374 *fo 4 * 0.374 *lo“ * 

X * 13.7 mm 


tine df Afrfi'on Off P ^ 

^ 5 - Ct Z f - X - tn/ = 10.15 mjm 

P « 30X/0* A/ 

r - Pi,, = -( 30* to* )(lo. IS* /O' 5 ) - -304.5 W- m 

M* » - Pa. s; - -4* ^o & 


Jt T* 

l_ Jr//vv 

M*k 

« * -f - ^ * V 
W'f '«} 

5 .as»fo~ c | (- ^ 30*10* 


S h “ -40 x/O* ?A. 
Zi s X = 13.7 mm 


-76 * fO“* 

_ S.iS-ylO' 
7C/lo- 3 


iS^o 


^ + 50* 


, 30 * to* zoxic‘1 

J O.XU>*lcr 6 I SHOXIO’* \ 

•[ - 14.011 - 14.481 + 6oj*/o* - - I. 


864 x/6* W-M 


a « - ^ r - (- | - 866lf| P 3 . ) . = £2.2*/o'V ^ 6Z2 <*i~i 

^ f> 3t>XlO* 







PROBLEM 4.167 



4.167 A horizontal load P of magnitude 100 kN is applied to the beam shown. 
Determine the largest distance afor which the maximum tensile stress in the beam does 
not exceed 75 MPa 


SOLUTION 

LoeaA e. -fke cc-aA+ocA 

a 


Dimensions in mm 20 







0 

2000 

10 

^DXIO 3 

® 

12oo 

- 10 

- 12 ^lo 2. 

2 

3200 


S xto 4 ^ 


y, 

Y I A 

- 

S2t>* 

~ 2.5" ►*> 


coordi'wa.'V-e +© *H\e ce>nt rot A 

C.oo'tA* K&Aes of - X p r ^ ; yp T **** 

BenJtVig ct>i/f>Jes - ^pT 5 My ” 

- A (.\ 0 o)(z*'* *-(Xot>o)(7.sV- + •* (aoo)Oa.r)’' r O.40£67*/O fe 

Xj = ^(HoXloop + r 3 0Z67 x/oV^- *.°26 7*»‘w* 

S =■ £■ + ^ - lit*. 6;.7*»/0 4 pa V*IOO*IO* N 

A I* -~r 


poi At a ^ >h» < i j jf ‘ r ** 

v\ - 2.0367*<Q~ g I lQQ-*fQ 3 ^ 6 -?. S V>o * 10 * ) (~ ?• S'* /o " * } _ 75 -* /^T 

‘ Sb*io~ s (. 3700 / 10 “^ O.H06C7 *Lo' c J 

_ 2.070*10^ 1 3 |^s+ |.337 - 7S*l*lo‘ - - L7I\U lO 3 
&yio mZ i ' ° 


Ou “ - 
**• p 


ChlLU «to 9 '' - 

loo y [O 3 


1 7. /i#/o s M - /7. // 



PROBLEM 4.168 



4.168 A beam having the cross section shown is subjected to a couple Mo which acts 
in a vertical plane. Determine the largest permissible value of the moment M a of the 
couple if the maximum stress in the beam is not to exceed 1 2 ksi. Given : I y = I z = 1 1.3 
in 4 , A = 4.75 in 2 , = 0.983 in. (Hint: By reason of symmetry, the principal axes form 

ananglcof45° with the coordinate axes. Use the relations / ma = Afc mjn and! mh + /^ 

= /„ + /, 


Ho * H a 6 in 0.707)1 H. 

M v * ' 0.7071 Mo 

T = AL. 1 -- H.6-7 




-Wta.y 

v 6 

s - 6 


+ I 2 - 

- I*,-* * n.s 

4 //. 3 - 4.. 

59 

- 18.01 

. ¥ 


y. ~ ** * 

+• 7, ■#/-> '♦s* 

r -3.57 

45° 

+. 0.73 si. iS’ 

r - in 

Z 6 cos VS° 

-y. ^ 

* -0.43 e*>a 

V5* 

- (-3.57') 


* 3.18* i" 

_ Hot), 

. _ 

• 0.70711 H c 

4- 

-v- 

> : 
-T“* 


Iv 


L 




0.707/1 

M 

° [ 

) . 3.182' 

l8.oi 

| - 

O.i 1 24 Mo 


. s. 

, « * 

2*1 > 


m 


-* 

0.4/24 

0.4)24 

i 





PROBLEM 4.169 


y\ 

k 0.5 in. 



4.168 A beam having the cross section shown is subjected to a couple Mo which acts 
in a vertical plane. Determine the largest permissible value of the moment M 0 of the 
couple if the maximum stress in the beam is not to exceed 12 ksi. Given: I y = l x ~ 1 1.3 
in 4 , A = 4.75 in 2 , k min - 0.983 in. (Hint: By reason of symmetry, the principal axes form 

an angle of 45 ° with the coordinate axes. Use the relations I mia - A k^in 3,1(1 4™ + 4>«c 

= I X + I, 

4.169 Solve Prob. 4. 168, assuming that the couple Mo acts in a horizontal plane. 
SOLUTION 


> in.-*- I- COSTS’* « 0.70711 Mo 

-« 5 in. 

Mv - - M 0 s in U° e - O. 70711 M» 

= (4.75X0. =?83) 1 - 1.S9 in* 

- I, + I, - Irt, = 'I- 3 + II- 3 ' * IS-©' <" V 

U D = y D tot, 45° V Z D sm 4S° = 0.*73 cos 45° 4 (- 3.57 S.v, 4S° )' 4 1.866 k 

V D - cos 4S° - y 0 sin 4s° * (- 3.S?)eos4r*- C(X 1 S') sin 45° = 3. /8* k. 


K. = 


- v - o.ioi u M«,[- ^ +-^-1 

Xv Jo ^ J 

O . 7o7( , -- 0.«IIW Me 


- I • 


CXHI3M ~ 0.41R7 


p • M 





PROBLEM 4.170 


4.170 The Z section shown is subjected to a couple Mo acting in a vertical plane. 
Determine the largest permissible value of the moment M 0 of the couple ifthe maximum 
stress is not to exceed 80 MPa. Given: I max = 2.28 x IO 6 mm 4 , / min = 0.23 x 10 6 nun 4 , 
principal axes 25.7° \ and 64.3° 



SOLUTION 


10 mm — 70 mm-*4 r* — 10 mm 





?. 58 »/o' m 

Tq - T , - 0.23 X lO*’"’*'. 4 - 0.23 x to" 1 *•,* 




1 / Mq * K!„ s;* 64.3° 

* I 6 - £9.3* 

y ' ^T* "hin (0 ~ ^ Q 

/ J Xy - : 

/ U r fov, = 20.597 

^ B ' 0.23*/0~ 6 

<p = S7.22° 

Points A akJ 6 nej^^4 J «.x , i‘S^ 

Ug r c.*s £4.3° + 3m £9.3° - (- 45)c <*s G4.3° vf^') sm £4.3° 

~ — 51. 05 ^ 

\/g - ' Z B Cos 69.3° -y* s<A £V.3° (-S 5 ) cos - (-V5 )s/a €9. 3° 

— *V 35.37,. 

^ _ Mv 0 b , Ht> Vs 

Op. * T T 


$0*10 


<. ( M.C=J C*3"j(- £7.&S XO' 1 ) , ( M.S.V M.3° )(ZS.37s(p- r ) 

” ~ , "*■ „ -f. 


^ 93 . SI v /O 3 M, 


O.Z3 WO 


- * to c 

109.1 *(o 3 


733 W-v»i 




PROBLEM 4.171 



4.170 The Z section shown is subjected to a couple Mo acting in a vertical plane. 
Determine the largest permissible value of the moment M 0 of the couple if the maximum 
stress is not to exceed 80 MPa. Given: / max = 2.28 * 10 s mm 4 , I miD = 0.23 * 10 6 mm 4 , 
principal axes 25.7° ^ and 64.3° /. 

4.171 Solve Prob. 4.170, assuming that the couple M 0 acts in a horizontal plane 
SOLUTION 

I v - O.J3»/o‘ w ^. 0.2S*/0‘ i" 1 * 



Iv - 

T . = . 

•Him 

Iu - 


11 

> 

M c Cos 


Mo Efh 

0 -- 

6^.3° 

\cl*\ C 

p T it 


£ 4 

* hi 


Points 

t>0 


t* © 

GW ? 0 .*£>«?€ 

ZlSxlO’*- 
<J> r \\W 

t> a. w A E cct*. -Pit^4Kes+ He *x\*. 

r y 0 c«s 25:7* - z 0 &t« 2$- 7 ° 3 (-5)005^.7° - VS 2S. 7* 

_ - 24,02. 


V D - Z D 5^.7° 4- Sf* 25".7° - QS cc*2SV?°-h (-5’’) sf-t 25’.?' 
t 3£.S3 


6^ - - 


Mv 


(A, x MX _ fM.G»s6y.3 , y-gfroa«io*) + 1 

”* o.73 >* I o“ ^ 7.28 >*" l O 


lx, Iu 

So*!© 4, - £0.H$*lO 3 Mo 

M - 1,3 13 *\o z N’V^ = l . 32.3 UKJ-** 




PROBLEM 4.173 


b = 60 mm 

4-20 mm 


4.173 A beam having the cross section shown is subjected to a couple M<, acting 
in a vertical plane. Determine the largest permissible value of the moment M 0 of the 
couple if the maximum stress is not to exceed 100 MPa. Given : I y = I t = M/36 and 
= M/72. 


SOLUTION 


ll CO H 6. * 

lj 1, -- * ft * 0.&o*io*>** 

_ U* 1 (o O ^ in. i 


/ . <h 2Q mm 7 - - 0.180 *iO* **** * 

^ ^ -t-ft- 7 2 77. 

fc = 60mm Principal, axes are sy ro Aoe-f/y a/eS . 

OsiV^ ct>cA Je4 «*•**'* « He jb •nVte.y*^ of 


— -w. 


R r 11^] - 0. )8&* 10 fe ^ 

i v - + 1? 

- 0.5^0 * |0 rv.^ * O..T t fC>*tO*V 

Ij - M- 1 - 1? 

CO . . C M- 

- 0. I80x (O wu* * O.lfcOxlo 


Mo - M„ sin ^5° - 0.7°7 II M 0j Mo -- M„c^s45° = 0.7o7ll M. 

0 , *s° i^? = E +‘» © - vr T 3 

<p - 71. SV 

Point A : u» - o . V, - - 20 VI 

n- Mj/jjt , K.V4 - Q . C°- 7o? " H„4(-^ x(£l) g - f | 1 1 / in 3 M, 


"A - I v 

u _ _ - /QOK1Q 4 , 

“ ~iTl # MQo» " “ Hurt MO* 


0.1% o y [O' 


<3 00 


13 * ^ j v & - a ^ 

M..U, _ M„V. (0.7OVIM. Y-ffxo 3 ) Co-7omn.Y^Mo- 5 ) 

Og ~ 7 + T, 0.5V *io" 6 t>.l?o/(o 4 


'* £, o. 

- | II. (i x (o s Mo 

6e = loo*^* 




PROBLEM 4.174 



4.174 A couple Mq acting in a vertical plane is applied to a W 12 * 16 rolled-steel 
beam, whose web forms an angle 0 with the vertical. Denoting by cr 0 the maximum 
stress in the beam when 0=0 , determine the angle of inclination 0 of the beam for 
which the maximum stress is 2% 

SOLUTION 

Fov VJ |2 * 16 ste<?J secit'o* 

~ j 0% t a ^ ~ /m v 

d - \\.V\ ,*n W = 3.W .V 

y* ~ “4 ^ ~ % 

+a* flp - ^ 4a* © = ^ 4a* a - 3£ .£"2. 4*» e 

Poi*f A is f-*yi best -f-y^^-bUe 


My - M 0 5 m 0 

er A r + 

Xx JEy 3Xx 


Hoif 


Sin © 


-= Had 

ai« 


For 0~o $ 0 ~ ^\ a -f 

r L * J ' 2 ' 

6, » e„ ( I + = 261 

Q - ii. - (g.agyim) 


PROBLEM 4.175 


I,tf ‘ (Io3)(3.11o') 


- 0.08*13 


a = HF7o' 


4.175 Show that, if a solid rectangular beam is bent by a couple applied in a plane 
containing one diagonal of the rectangular cross section, the neutral axis will lie along 
the other diagonal. 


SOLUTION 




•fa* 0 r yj" 

M 2 - M cos B j Mj - H © 

^ It . a . Ib^ 3 . b _ h. 

+ QM 9 ' ^ 6 ' A hb 3 b ' b 

Tbue text's, passes Hirou^li A 



PROBLEM 4.176 



4.176 A beam of unsymmetric cross section is subjected to a couple M 0 acting in the 
vertical xy plane. Show that the stress at point A , of coordinates y and z, is 

yl - zl v . 

' y y* iLyf 

4 — J J _ f 2 M Z 
l y i z 1 yz 

where Iy, I„ and /^denote the moments and product of inertia of the cross section with 
respect to centroidal axes, and M z the moment of the couple. 


SOLUTION 


TW Va-^i'es J 

C,c> J A-t £3 Z . O-Vi ^ 

pov'cG- i‘s J ‘H'l-e ( y- ‘Z-^KC.S ar_<A£ 

/*Oa <50 A ^ 


<r A = 


G. 


J 


+ 


wA 




C, , ©J* ol C 2. C.Ows4«.^‘hs 


My - ^ z 6~ K elA - C, <M {*- z 


- L^, 


Iy 


•^z * 

t* x °-Sy$iolz - -C,S/JA * C^yftAA 

= - IgC, - Ijz % C 

■Ay 

X. M, =-(XvI,- !«') c, 


c, — 


y J2 

Xv M 


e; - 


^ i* - v 
_ Xi> z -i^y 

X, Ij. - X^i 


C,= + 


J kK 


at 

Xj X z - -X/X 


M f 


PROBLEM 4.177 



4.177 A beam of unsymmetric cross section is subjected to a couple M<, acting in the 
horizontal xz plane. Show that the stress at point A is 

zl. — yl^ 

<7,= : — y- M 

I I - I 1 y 

y z yz 

where l r I„ and /^denote the moments and product of inertia of the cross section with 
respect to centroidal axes, and M y the moment of the couple. 


SOLUTION 


TVte S+\r€SS 6* Vet>A,‘es Pin ea/P-i VJ\ H He 
1 KaHs jy a.v\<& "Z. Si’yice 4-ne cjlX \' c*_Ji 

IS 4"^€. ~ o r.Jl 'Z-o.ye.S <xnc 

C c^a.2 

- £\ y + (~x z vAe^e C, auaJ C* cowts+a^fs. 

M* * - $ JGIJA = - C, - C 2 dA 

- - X 2 C , - Xjr C 2 = D 

r - - X g. £ 

C ( ^ C t 

My = Z 6J, «M - C,^yzdA 4- C 2 ^Z l olA 

~ fy X I “4 -Iy 


“Xy, C ? + Xy 


j;h 


(ly X, - Xy," ) C z 


£ _ I* My _ 
■ lyl x - Ij 


C, = - 


XvzM, 


' IyI x ~Xy^ 


6> - y . - My 

Xj i x - x^ J 


PROBLEM 4.178 



( \ 


r a 

X A 


£a 


x + 

_ o 

U 2 v 

V 


4.178 (a) Show that, if a vertical force P is applied at points of the section shown, the 
equation of the neutral axis BD is 


Z - - 1 


where k z and k z denote the radius of gyration of the cross section with respect to the z 
axis and the x axis, respectively. ( b ) Further show that, if a vertical force Q is applied 
at any point located on line BD, the stress at point A will be zero. 

SOLUTION 

\ , Xit j. Z 

t * r >' ' \ K/ ~ A 3 *** ^ 


Cal 


(V>) 


M x =■ ?2, 


- z P** 


fZ- _ Z 4. M*2e _ _ P _ PVfcXe _ 

“a + -it ~tt ~ a ac aic 


r- -£ 

A 


I +-(^3< 6 +(-|O z eJ = O if £ P 

I \ y + /Zt-'j z = O X +(|t.) z - - I 

1 1 Wi > • C '•k» 


ies ovn h<2‘ 


i a.xiS. 


Mx 


M, - -P*» 

_ £ 4 - _ £ _ 


£ 
A 






A K/ 


AC 


= 0 by Pairt 


PROBLEM 4.179 

y\ 



J 

m 

V\ 

- 



- 


_^s 


m 


For- €T* - O 



4.179 (a) Show that the stress at comer A of the prismatic member shown in Fig. (a) 
will be zero if the vertical force P is applied at a point located on the line 



X Z 

+ 


= 1 


b/6 h/6 

( b ) Further show that, if no tensile stress is to occur in the member, the force P must be 
applied at a point located within the area bounded by the line found in part a and the 
three similar lines corresponding to the condition of zero stress at B, C, and D, 
respectively. This area, shown in Fig.(£>), is known as the kern of the cross section. 


SOLUTION 


I* ' n ^ 


Iv * ik bb 




V - _ JL 
7 


A - bb 


P be f Ac poi“t 

M* » -?Xp My = ?Zf 

pr - _£ + m,** 

* ' a i 2 - “ST 
- - 2- V (~PXr)(~£) _ PSkHH 

“ bh £ hi 3 A tV 


r [ 


) - 


. 2e.~1 

b /6 Vi /& J 


X ^ 


b/<2» 

Z — o 

X “ Q ' 




X e = b/c 
7f - h/c 


b/tf 

potA+ E 

A 4 poivvt T- 

if "hhe of Aj&fio* ( *pj 2 r ) ^ ‘ € ' s 

Wi'Hin fli£ povf/ory 7* ^ fznstPe 

W\JJl occoC e~{ co^*es A • 

By Coy\ si ^6 = ° > 6 b * ° \ c ° > 

Ike o'f'k-ev* S'fr'e.S.se.-S 

a.v'e icls*4\f ie<4* 



PROBLEM 4.180 


Ar 

75 N • ri) S N 75 N • in ! 


4.180 For the curved bar and loading shown, determine the stress at point A when 
(a) r, - 30 mm, (b) r, = 50 mm. 


SOLUTION 




30 mm 


(eO T, - 30 mm r z - 3o + ZO ~ £o 

R 'sr»'jrV’ 


r r ( r, v ^ ^ 

e= r- 1 ? r o.%mi 7 ^ 

A ~ (^o)(So') 7 £ 00 ^ - CbOrlO'*' 

y A ^ 37,-[S23.-3o - «T..I5*.3 m*» 

- M.y . (7S,)(*..ISZ3xto' t ) 

tj t ” I _ " /V ' ._-fc T/ n.im .-v»< \ / IA —5 \ 


Ae r 


= -ys 0 *lo c Pa 

(Qoo y^o" fe ?(p. %HV*lO-* )(3o*l0~ s ) 

r -V5.6 MPa. 


(W f, - *«■* P a " <5*0 +> = 70 


o ^ _JL__ ~ ^ - S1.W021 

K A £ JU & 

F - i(f, + 0 * ^ 

g, - f' ~ 'ft - 0.55*773 tv?M 

^r A = S^.^HoZ 7 - SO ~ V.WO'V ^*0 

p- __ (7^)(7.w 0 »7) _ - 42.7 x/ 0 ‘ 

‘ Aeir. ' (Goov,o- t )(o.fin7Sx(o‘ J )(»^o' J ) ^ ^ ^ 





PROBLEM 4.181 


4.181 For the curved bar and loading shown, determine the stress at points A and B 
when r, = 40 mm. 


75 N ■ m N 75 N • m 1 





SOLUTION 


Y\ r %0 ^ - HO- ~ 40 ¥%Q - CO 

-r (3oX«o) - COO***?' - ^OOX|0' C ***' 

o = _k> --r A2 - — r H1.3ZCI 

jr * ^(r, + r,. 'J * So 
e = r - R - o . 6734- 


= 44. 326 1- 4o - 'T.ZZ&t '* ***» 




<S A - - 


AeV'* 


-. ,(7iT)(?.3^lx|o- , 'i ^ _ 43 _ S * /0 ‘ f 

(Goo vc | O "* .G” 7 ^ * X' ^ 

- -4-3.2. MPa. — * 


r 4?. 3*6/-£o = 

6-. -- - A±i*. 
Ae/ 1 . 


/o. 4>7 34 


(GOG* IO'‘X°- 4739 * ,cr * )( Go * 1°~* ") 


33 . 0 * 10 * P* 

- S3. 0 MPec - 


I ) 




PROBLEM 4.182 


4.182 For the curved bar and loading shown, determine the stress at point A when 
(a) h — 2.5 in., (b) h = 3 in. 


i.r 



t 


5 kip • in. C~ ~ ^ ' “'■ 


SOLUTION 

Ca'J V - 2.£ iv> , f, ■* 5.5 In. f a - S' .V 

A * (.LaW.*) = ^ M - S’ U.> 

? - tCn+rJ = 3. is- 

e - r - R - o- 1433 

L/047 " Z~£ «‘*n 


r 3.6<><7-5.S - L/047 ,V, - Z~£ i*n 

6- ^ - -S.IS M 

* ' AefA (2.oo)(OJH32>X2.0 

(b) h- 3 u, f, * 2.-S" In ^ AKL*)(3)* 3.6 In 


O - — _ s. go 47 in. 

A* £ * frf 

f * ±(r, *0 = 0600 in ^ e 

r 3.20^1 - 5.5 * j.3o^ i‘n 

C“ - M.Ya . _ (5Xi.3a44 ) 

A “~Aer A ‘ (s-cXo-ivOCa-S) 


e - r - R - o. i*? 5 / m. 

v\ * 5.5* in 


- 5.75 k»r 


PROBLEM 4.183 


when/? =*2 ^ e . curved bar 311(1 loading shown, determine the stress at points A and B 



1.1- 


5 top ' I". £ 5 kip - in. 


A t 

2.5 in. 

i 


SOLUTION 


- in 0, = »*n i ^ ? .SI %£ i 

A* 0-^X^75) a 3.50 1**-, M - S' fc*>- i*. 

r-> - h - - * 7 ^c . 

K ■ JU £jf ' J>~ ff ' 3-7 6S 


r = i(r, * r u } ? 3. gys ,v 

jy A - 3.7065"- - I. RotS" iw. 

g- . _ My, 


e = ^ - P - o. 1685 “ II 


^ - 2.S- » 


Ae /; 


(3.3o^oj6X5X^-5-) 


- 4.3>M Us; 


= 3.?ofer-^.25 =• -/.5Wi*. 

^ - ilk 

a Ae<r a ~ C3.3o)(oj6g3-)(^as ) 


^ - ^25 r. 





PROBLEM 4.184 


I> J 



4.184 The curved bar shown has a cross section of 40 x 60 mm and an inner radius 
r, = 15 mm. For the loading shown determine the largest tensile and compressive 
stresses. 


SOLUTION 


h - HO ^ V' ( = l£* ^ - SS »*•*'' 


-6. 2. 


A - (&oXho) - 2100*10 


120 N ■ III 


f - i(r.+ O =■ 55- 


30. "7 **>*•' 


e - f - R » 


s = - 


Aef 


Ai fr IS ^ y ” 3«».7SG- 15* - fS*.736 ^ 

flao)fl.g.7g6yio~ 3 ) _ 


6-= ~ 


(2 4oox(o~ fc ^OuiYMcr 5 )( ,s 




- -IZ.m MPa. 


A -sr~~ ^ - 30.1&Q-SS- * -JUN*« 

c (lgol(r-a’KaiVWo: J ) _= S.ZZ*lo“Pa 




- ^.22 MPa 



8 


Ifl 




PROBLEM 4.185 


4.185 For the curved bar and loading shown, determine the percent error introduced 
in the computation of the maximum stress by assuming that the bar is straight. 
Consider the case when (a) r, ~ 20 mm, ( b ) r y = 200 mm, (c) r, = 2 m. 


60 mm 



40 mm SOLUTION 

V> - MO Vfsrs' 


A - ( .G o)0io)z 7*00 -- 2 ^ 00 * 10 ' 


M 


I 7.0 M m 


20 N • m 


I - CoXtoY T 0.3 

- O.SZxto'* 

c " ^ In r "2.0 

Asso*-,,'*^ FA e b a.t~ <“s s4i ?*.•'« ui 


s - - ^ - Cl^°X?C> »IQ~*) 

s ~ ” x ~ 0 . 3 2 */ 0 ‘ tf 

(cl) P, r 20 

o _ h » , _ 

rC " ” Vt " n ~ 36. 4046 wm 


4-o 




Ai 


7.^ K / O 6 Pa = 7.S MP< 


P,- P - -l6.4o?6 m. 


r - i (r t + rj » 40 ^. 


£ = r - P * 3. 54o4 mm 


^ oK-U HoU*!^ ) = -„.mwo‘fk 

a Aer- (2'H>oxiO-*'C3.51C>‘h‘tcr’ 1 Xzo*<o-*) - _ W6 fl p, 

a. -II.42C - (-7.S) _ „„ „ „ 

/> — ; X loo r*» -> ~«34.4 4a 

-II. 426 

Fa^ pAr4s C^) aJ Cc") u/e g«T He. i* fii« te/’o^h .* 





Pj MM 

P, 

Mm 

6* Mfe 

% e<r*o\r- 

cal 

2 o 

60 


40 

3.^?04 

-n.w 

-34.4 9. 

cu 

2 <>o 

Mo 

W.zizc 

22 o 

0.6074 

- 7. w 

6 . 6 %> 

(c^ 

Xooo 

7 oHO 

Zoll-Wo 

2 o 2 o 

O.O 660 

-7. £46 

O.C 7. 



PROBLEM 4.186 


4.186 Steel links having the cross section shown are available with different central 
angles ft. Knowing that the allowable stress is 15 ksi, determine the largest force P 
that can be applied to a link for which p= 90°. 


SOLUTION 


f* ~ 0.9 in._\/ 


~J 

0.6 in. 

Rtdoce 

■Section -S 

0.6 in. 

coupje 
oF -Hie 

Sjf sfevvo ■ 

CV'OSS SCC^f 


6 -> * 


“At — — r 
' \mT 


• a. - r Cl - 

C.oOpJ<? 1 S. ' M ~ “ 

Fo/^+he. Pas secit'o ^ J *fiie n 

fill's •F°' r A i vi x ^ ^ 

R -iV- M “ 


At p A +U +cmsJ« s4re» is 

er - S. - , 2. * = F ( ) + If V K f 

^A A AeiA, A Aef, A 


P - 


^ T 1 * tfr 

- AC* 

K 


ct^A y A - R ~ A 


DaU: ,r * . 0.9 f,= 0.6 l* S W-ojg:.v> >■“ 

A - (o -ZS')(o.&) r 0.75 in 2 R * • 

o.«» 

(S. - - = O.03H33 &1.J y A - O.Serc* - 0.£ ® :J0.2C5fcP ^ 

cl - 0.4 ( I - ^>c* s 45°^ - 0.2.6 36° * m 

iv _ I , (Q. 26360 )(°-^ ^62^ _ n 

^ ' '(0.0343^(0. ’a') 

p “ JodSKisi _ 0 . 51 ^ kip* - 

r H. 2 ws- r 


s\z H- 


PROBLEM 4.187 


4.186 Steel links having the cross section shown are available with different central 
angles /?. Knowing that the allowable stress is 15 ksi, determine the largest force P 
that can be applied to a link for which p~ 90°. 

4. 187 Solve Prob. 4. 1 86, assuming that p = 60°. 


0.25 in. 


B 

'0.9 in. \ y 


SOLUTION 


0-6 in. ^ 

Jet J scftoh. ^ -j-o a. - 

— J- couJe sy sfetU < 3 ut -He 

0 Jin of + 4 ie c^oss SOxAri ^ AB. 


i L - 

C CL “ r Cl ~ Cos ^ ^ 

^ Tke Ts.- . H. - — Pa* 

| ^ j!aur J Me 

7^\ ^ ^ 0,/s Co jfJte ^ 

N R = e = r - R 

»« 

A f p oft* 4 A -H»« fe^si’-fe srfreaa »s 


Sa r *?“ ^ - “?■ +■ 

A A Aev\ A Aev\ 


- f 


? -- 


X ~ 1 f frT R 

_ AC* 

K 


D«bt : P* X3.<? in-, ^-1.2 7*^ Ip* OJfi'Nv^. IoJp 0.257 

A = (o-xs:K®.6) - o::ts ; n \ R-= •= o. »&«*.;*• 

<9. - Q.9.--O.SW6Z = O.03W32 &i., y A *. O.S<sSi7. - 0.6 « O.ZCSSP 

CL- = 0.3 (| - cos 30°) * 0. 12058 in. 


j. , , (0.U0^8)(0.26S-«) 

K T 1 + = Z -^ e 


(o.is)Qs'i 

1.SSZC 


0.881 (t.'ps = ggl Pfc. 



PROBLEM 4.188 


r = 20 mm 


P = 3 kN 



4.188 The curved portion of the bar shown has an inner radius of 20 mm. Knowing 
that the line of action of the 3-kN force is located at a distance a ~ 60 mm from the 
vertical plane containing the center of curvature of the bar, determine the largest 
compressive stress in the bar. 


SOLUTION 


H a 


Reduce B»€ \ * 4-e^inci $ fW'c.&.s 

: 3 ftec\ <xoaq$s $ec4-i'o^ AS 

■fo Cx PoAie - coo^J^l sys-fe^ ”H»< 
ceo-froi^ Jt* He s eeHom* "Ph* 

Qr oJ 1 *4 C.O Op » S 

M - PC f ) 

-Re neU+v^-P 

5t/*‘S Po'T Co opJ-Q an&j ^ies 

R-ttV. Aiso e.r-R 


iVi ^ 


Tftfi. c.o*a f ^.sStv/e. S+k'eSS OOCXTtS 

p Di*+ A. X+ is 

~ _ _ £_ M.V» T _ P _ _P.(g:+ 

vi " ” i ' A A o iA 


f »i 
A N- 

r — J 


= - K ■?- 


Aer, ' A AeA 
wC^K - R ~ V', 


-Tt«, K* I 

OaW ’Vi =• 25" **» , r, - 20 «... V 1 ,. = 'fT «*., ? = 33 * 5 ’ 

£ = - 30 . «2SS e- 3Z.e~3*.Xl.&S - 1.6713. ** 

Id - 35-°— , A - bk S 6tffX*S-V» = SXS’x/o'" 

CL- a+r - R-r, = 10 -SXS 8 

, > _ , . (92.5’XlQ-8*8*) = 30. <?G8 

S (J.CTI^tRO) 

p = 3 *(O a N 

_ t£p_ (3o.?6? )j z>±^} -I HU C xlo c Pa 

c> * ~ a ‘ gZ.S'KlO'*’ . . - 

n = - IMS. 6 MPa. 


PROBLEM 4.189 


r = 20 mm 


P « 3 kN 



h— »■ 


r — >1 


4.189 Knowing that the allowable stress in the bar is 1 50 MPa, determine the largest 
permissible distance a from the line of action of the 3-kN force to the vertical plane 
containing the center of curvature of the bar. 


SOLUTION 

..Reduce \ * fwce.s 

W«5w\& VV\C O.OAO&S A (3 

+© ex -force -c oofj/t sysie . ^ <xt i~h* 
cery+roiA cfi He see^Vopt, The 
toopfe \s 

.P M - P Ca -+ F ) 

4 ^ For He reoW*q<uiWr seedier J h«j4 

eon's for coup-Ae OM-fy ^ies 

Aiso e**-R 

T/te. c.o«Ap»^SS«Ve sivcis Oe^c 

cJe poi*»+ A. X+ is 2 * ^ 

_ M v. T _ P _ P (o-+r\v>_ 

A A Aovn A A oiA 


= *- K 


Aer, A Aer, 
wcH ^y A * R - n 


Tliitej K* I 


DoA^l* h - £5* 4 V\ = 20 ^ * 4 f*r’ »wih'|^ P = 32 -.S - Km 

R- n^s- = ao.Si88.»r>M , e- Zl.E~ 2 P.MlZ - I.&7IU m* 

1b, - US’ mm j . A - bh 5 (JUT X2ST V" 625" mm = SUS" x/O m 


R - r, = |o. 8*22 

p = 3/lo a N- m 


e; = - 1 S0*I0‘ fa. 


u - _ S1A _ _ ('-ISo/<o*Xc^»-/Q- C ) , 3I.2S- 

^ p> 3x/o 3 


a^r - 


'K- Qer\ _ (3o.gg)O.C7igXap) _ 


R-*\ 


lo.S^&S 


- 93. 37 


CL * 93. 37 - 31. S r GO. 9 mm 





PROBLEM 4.191 


4.191 Three plates are welded together to form the curved beam shown. For M~S 
kip-in., determine the stress at (a) point A, (6) point B, (c) the centroid of the cross 
section. 



SOLUTION 


R - 


r - 


ZA 

ZAr, 
Z A 


F hi In _ ZA 

1 AJ 


a 


o 




V s 

3 

3.5 

5.5 

1 r 


b 

h 

A 

k'L .% 1 

r 

A? 

<d 


0:5 

KS 

©,46^52 

3.25 

H.S7S 

© 

i 

0-5 

2 

l.o 


4.5 

M.5 

© 

2 

o*s 

t.p 

O. mO£3 

5.75 

5.75 





3.5 

o.?fem& 


15 135 


R 


3.5 


0.*6Zt6a 

e. = t - R 


- u.astix Itij r =■ 1 in. 

o.zcm m = - 8 kip - in 


(a) ^ - R - r, - H.O S8IZ - 3 - 1.05811 in. 

_ _ (-•8)(l.0SgiZ) _ 2 Oi ks ; 

* ' Aer, “ (3.sro.2C33iy3) 

(t) - R- r t - fossil - s = - 

- . J^6- r _ (-8 X-HWti = - Z. 81 ks, 

(3.5X0-^33 0(6) 


®"e> " Aef» 


s/ c = R - Y- = 

k- . ■ 

AeF 


- e * 

~ M e 
kef 


M 


- & 


A r 


(3.5XS.32H3') 


= o.sw kit 



PROBLEM 4.192 


4.192 and 4.193 Knowing that M= 20 kN-m, determine the stress at (a) points, ( b ) 
point B. 


A ^ 150 mm 


SOLUTION 

g _ SA 

* - IM 

?a- 


rkliz 

rb- * % 


2 



ISo 

© 

\95 — 


p _ 1720 

47. 774 7 

e = ? - R - 
(cl) s/„ - ft - A 
^ . _ M v. 


k}, hw ^ 

hi I** 

row 

L 0 Ulii 

D^/H rr,*ci 

* > 

I*!** 

A 

I0S 

4-5* 

4860 

28.3353 

177.5" 

838.35 vio 3 

36 

135 

43 6 0 


267.5 

1275.75 */O a 

i 


472o 

47.2747 


2114./ * lo* 

6 06 w»n 

V ' 

ZHM. 1 
Wo 

* ( 0 3 _ 

“ 

7 1 7. 5 *’*■' 

VW »V\ • 


M 

- ;?o»/o 3 

A/- >vj 


- 

ISO 

- 55. 

CO C ** ** 




61 = - 


A er. 


(7oy lo 3 X557 £oc* lo 5 ^ 

{ 1720 v/ 0 ' 6 )(//. 81 Vx/o' 3 X , ' S(>> ‘ ’O' 1 ') 

“ - 64. I y/O c Pa. - -£4. I MPa. 


(W) %■= K-f x = ;?sS.£o5-33o r 

_ M,y 6 _ (^oxfo^y-/g^3^^<o" 5N > 

s ~ Aer z (VZoylo'* */o‘*)(33o */o' 3 ) 


&5.Z*lo C P«L ~ £5". 2 HP*. 



PROBLEM 4.193 


4.192 and 4.193 Knowing that A/ =20 lcN-m, determine the stress at (a) point A, ( b ) 
point B. 


# #>. A ^ 





150 mm 

135 mm 
45 mm 


SOLUTION 


Ifll f 

w- 


r - 


2 A _ ^ be Lr 

7 Ax r. 


u* 


TAx 



A ; ^ 

3 wwi f ; MW 


486o 

73.1^7 2I7.S 

\.a£7aS*to 4 ! 

4-8$>o 

1 51 833* 3^7.5 1 

I.4144SV /0 6 

9730 

32,93n 

2.SSIS/ID 6 ; 


33.1399 -> 97^0 


e - f - R r t2. 32^ *»•* , 


97*0 

M - Xoxio 5 M-vr> 


lal y A * R-V\ - 249. C /S - IS'o *- 19. 6/S — 


My, _ _ t2Qxio 3 Y r i%6tS'*lo' s ) 

~ Ae^, ” C97Zo*lo~*)(\X.&SSxio m5 )05& 

~ - 1 06. 1 x - lo c Pcl * I MPa- 


to y ft - R - ^ 


6i '= 

B Aeir t 


249.6/S- 33o — - So. 385 

(3p*^H-so.3aswcr 3> ) 

(4720 * (O' c Y l£ 8 8 5 x ! o' 5 X33^ * ) 


- 33.9 x jo 6, fk - 33- .1 M9cc 



PROBLEM 4.194 



4.194 The curved bar shown has a circular cross section of 32-mm diameter. 
Determine the largest couple M that can be applied to the bar about a horizontal axis 
if the maximum stress is not to exceed 60 MPa. 


SOLUTION 


C, - l£ vnM f - \Z + 16 " ZS 

R T + Jr 1 - C l ] 

=■ ^ [ 23 4- 7 23 - 16*- j - Mg^ 


e * 7 - R * Xt-tS-WI - 

6w» o coirs A Ts by I&mJ = I | 

^ Aib> A =TT c* = TT (leV 1 = goH.zS ^ 

Ja 


D^fcL* J/ A = R-r, •= ZS-Wi-lZ * 13. / vw^v 

($0H.Z5'*lo' 6 X*. 5101 >&*)(& x ^~ s )(co^jo^}_ _ 
^ 1S.4S«?/ */cr 5 


07. g K/-*i 



PROBLEM 4.195 


4.195 The bar shown has a circular cross section of 0.6-in. diameter. Knowing that 
cr = 1.2 in., determine the stress at (a) point A, ( b ) point B. 


8 tf 



SOLUTION 

c = - o. 3 1**1. f - 0.5 -v 0.3 =0.8 

r = + - i[°- 8+ h.i'-'O.z'- 


” 0.77081 in 


soft. e. - r-R r o. 02 m i*. 


1 A - - tt(o. 3') 2 ' " 0.£&274m 2 

/ X - « -?(ol+ F y = “50 ( l.a. +■ 0.8) 3-/00 in 

n/M ' V A - R - f , = 0.77081-0.5 * 0.2,708/ in. 

P ^e-R-Pa ? 0.7703/- I *-0.32.717,*. 

, x ^ „ £ , My>> , -5o„ too X o. 27*^0 „ - G.lH* 

C£L ' °A ‘ ^ Aer k 0.ZSX77 (O-ZSZII )(o. OSPfi^ \o£) 


- G.iH y to ^ s ,' 
= £.7H Wfef 


/, \ iCT « £ MVe - 5° C-loo ^-O-Saw^) = - 3 .^ */©**»; 

- a Aev^ ~ (o.*827ifl{o.02l*l)£/-O , r 


r . 3. **5 ■ kVi 


1 


PROBLEM 4.196 



4.196 The bar shown has a circular cross section of 0.6-in. diameter. Knowing that 
the allowable tensile stress is 8 ksi, determine the largest permissible distance a from 
the line of action of the 50-lb forces to the plane containing the center of curvature of 
the bar. 

SOLUTION 

C = \ J * O. 3 i* , 7 • 0.5*4- 0.3 * O.S 

ft - ^ - o* ] * * -/©.s'*"- 

- 0.77031 »V». £ - 7 -ft - 0+02^\°t in. 

A = TTC* * 7T(o.3) X * O.zazw vVi' 

M - - P ( 0.4-7 *) 




PROBLEM 4.197 


4.197 The split ring shown has an inner radius r x = 20 mm and a circular cross section 
of diameter d = 32 mm. For the loading shown, determine the stress at (a) point A, (b) 
point B. 



SOLUTION 


C. = ~ !£. Z', - 7. 0 mm ; - f\ +■ ^ - 3 2 . 

\r r r, + C r 3S 

R = il r*-lr l -d> ] = ^L36 + 


■P = Z.Sxio 3, N 


K ~ 2. L 7 J ’ 2 • r — j 

- y "”- 

e = f - R - I.S75T |Tl^ 

A = Sew $ Oi.lSrio'’’ 

M = Pr *(2.f>’io t )(ze>v!cr t ) - <»o rt-m 


( 0,1 Pei'nf A : j A - R-r, 5 3H.ia^ - xo - — 

P My, p.Sxlo 3 tfo)( It. IWSx to' 3 ) 


_£ My, _ p.SxlP 3 _ (*>o)(n.w+sxro ) 

“ A * Aei\ ‘ '?«.Xr-lo _ ‘ ^So^iS-xio-^Xl.^rx ' 0- 5 x»° x 10 " ■< 


■= -‘iS.ZX IO‘ Pz r - HS. Z M Pa- 


th) poi.+ fi : R-r 1 = 3^.lWS-i-p r -17.8755- 

p Mve . %s*\c? C ic^C-n-syss x/0' 3 > 

Oe = ~ A ~ Ae/i ' go«i*^|o“ (So 1 /. TSy^X^^S^o'^^xMS 3 ) 

s 17 . Vo Wo‘ Pa - 17 . Ho HP* 



PROBLEM 4.198 



4.198 The split ring shown has an inner radius r, = 16 mm and a circular cross 
section of diameter d - 32 mm. For the loading shown, determine the stress at (a) point 
A, (b) point B. 


SOLUTION 

Yi = ir.+ol = ^ 

'f * 4- C » 37. •*** 

R = r * ■IT^cF] = 3X + Uz l - 16*1 

e* r-R - 2. /^3C kn»^> 


A » $ 4 ** = got ZS ** - 80 'i.ZS*IO b w , 1 

M - Pr * (£5»io i )(sz.*icr a ) - so M-w 


P * 2 .P Wo* V 


(a) Polrff A ' y* ~ R - ^ i * ZfSSiH- IS * I3.85-6Y ^ 

_£ _il^_ a.svio* (j&yis.g^y^o- 1 ) 

= ~A ~Aer, ' go'US'* id - * (8o‘t.Z5'*!o'‘l(:ui'56»io" 1 Xi4 y Id-* i 

= _ 43.3 "o‘ pft * - 43.3 MPa. 

Cb) B * P-r, = X4.2S44 - 48 - -|«.!4St 

P Hy 8 a^io* (80)C-I8.I43CX| 0 - 3 ) 

* "X ~ Aefa. ‘ ~ 8oH.*S*lcr fc ~ (8c^S'^o- 4 )(2.IW36^l0“ s X t +8^/0^ s ) 


J*U3 */o‘ P* 


MPa. 



PROBLEM 4.199 


4.199 Knowing that the machine component shown has a trapezoidal cross section 
with a = 3.5 in. and b = 2.5 in., determine the stress at (a) point A, ( b ) point B. 


SO kip • in. 


SOLUTION 


bL^Ma 




6 in. 4 in. 


Locale 





A,;/ 

Y% in 

Air, i» a 

© 

\o.s 

G 

£3 

® 

7.S 

8 

Go 

z 

IS 


1 23 


S.83SS I, 


£ _ i » k,1 

(k.r, - - b Cb,- 

_ LO.SKZ ) 1 CZ- S * s -f_) - g. 38 "?S in 

£(3.s10°1 -(rsAOO] Jin if " C«V 3.^- X.i 1 

e - r - R * o.wsz in M * so kyi* 

to-i J* > R ■ r, > 6.8878 - 4 8.S878 ,V. 

p- , . KU _ _ (SOd.sin) _ . s.^e !<*.’ 

^ Aer, ~ tiOio.iwKi) 


(bl y e = R-^ t T £.3873 - 10 * -3.6128. in 


My, (2o1(-S. 61221 

Ob * - ■ J ■ " r “ ...... V/ 


Aef* 


08 l(o.W 2 l( /») 


3-£l Rsf 



PROBLEM 4.200 


4.200 Knowing that the machine component shown has a trapezoidal cross section 
with a = 2.5 in. and A = 3.5 in., determine the stress at (a) points, (6) point B. 


n 


n 



lot/) 

(b " hj 5i/\ “* lo ( b, - J& a ) 



tOl^Krt - (2-5X4)] A, 4? - (*X*.S- 3.5) 

r \T - R - 0- 44?? m. 



Ajm 1 


A?, ** 3 

(£> 

IS 

G 


© 

lo.s* 

8 

24 


IS 


*2°i 

r 

_ m 

\S 

* 7. 

\ CG7 » ri 


~ £.7|68 m 

M - fc'^-Cw 


J/ A r R- f, - 2.7ICS m. 

H v, _ ISQ)U.UC-*) 

* ' Kev', " (.i«Ke>.H'W)( t n 


e. «si' 


> = R - r z - -2.2X21 

r - M.Ve QgoX“ 3.^83^^ _ 

° &r ~Aefx ' (uXo.WX'o*) 


3.24 »esr 



PROBLEM 4.201 

p- a 20 mm 


4.201 For the curved beam and loading shown, determine the stress at (a) point A, (b) 
point B. 

SOLUTION 

~30min k.CJCa'r 


250 N • m 250 N ■ m [*— •] & 

40mm_ |__ 

Section a-a 




A,*** 


A A, 

® 

6oo 

4S 

JH * |G* 

D 

3oo 

JTS 

l6.S*/o 4 

I 

Soo 


H3.5 * lo 3 


s-_ mm? 

K - 4 r ' <?oo 

= W.IW8v« 

[(HoX«S ) - (soX&T)] -§f. - (aoX Ho - So) 

e - r ' R - 1. M7Z5* jv\ =-*so vj-^ 

(cO y A r R - ^ >**1. 

My, u.36q**io~ 3 ) _ 


HS .Srlcr 

f' - ~ 7 HZ . 333 vvim. 

1 <?oo 


6*4 - - 


Aef, 


^( ILMt loil — = 6S .«I vio* fl, 

(<?<?£ ylo' 6 )0- t t73.S'xlcf s )( STx/O ; 

= 63.* MPa. - 


(fc) > - R - -- - 

0- r _2Hs_ r - - 

° 6 A a A. 


IS. 1 3 

C-zyp'X- is.isiztio'*') 

(<?oox(CT‘Xl-‘ t ' ? W x to' S X&S - xlo' 3 } 


-52.6 */o‘ ft*. 
-52.6 MPa. - 


PROBLEM 4.202 


4.202 For the crane hook shown, determine the largest tensile stress in section a-a. 



Foce - CoOpJPo, <xf 


SOLUTION 


Locate C.ev> 4 i toiJl. 


If 25-1 



l J • 





A V s , 

© 

1050 

(So 

63 x/o 3 

& 

150 

So 

Go* 10 s 

z 

IBoo 


IO* 


r = - £8.333 

l2t>o 


P - IS */O s hJ 


Pi - -pr - - Os *io 3 )(e 8 . S 33 *(£>*) =>-t.ozs«io 3 


- j VP( ki * bi.') 

Ox- fek.OJfc.fc - KO-bO 

_ (O.S~X6q^C35-<-^5T) 

C(SSXtOo') - O^l] Jl, ~ - tGo)(3S+Z5) 

e * r - P - 4. ^ mm. 


53. 8 ?2 ^>vy. 


NWihwm fe^st’A isiress occurs «4 poi^t A 
Ja r ^ " r » " ^3. 57S 

g. . _p My, _ i 5 *|o 3 -(j.oZS*to 3 )Ul.% 7 &«(o 3 ) 

A A Ae/ 4 , isoox/cr 6 (isooxjo ' 6 )i^.HSZ>'lcr s ')^oxio' :! ‘ ) 




g4.7 X^o‘ Pa. 


£4.7 MPa. 



PROBLEM 4.203 

^ Mi 


4.203 and 4.204 Knowing that M= 5 kip-in., determine the stress at (a) point A, ( b ) 
point B. 


fs £+1 * Z.oc>ooO\* 

2 in. 

3,,ri b, = 2.S r. - £ m , b 2 = 0 ; f 2 -S t*. 

Use -fi»r e.Z£><’d 

^ _ j;b* ( b, 4- IQ 

' 0/* - bA) L £ - ViCk-to 

- = g' SHSHZ ; n . 

[C a.s”)(s') - (c)(8)] J?„ f -(3^(?.r-o) 
e s r - R - o. ishs;?. ’in. M-SWf-i* 

(cl) y A - R - r, - o. 84548 m 

gg -J^- a - s _ s ^^. 

''-'A • n / ^ _ — -\ / » 


Ae/\ 


(z.is)(c-imsz)(%) 


(L) - R - n - - z.is^sz 

_ I^Va _ _ {SX-l.lSHb'Z ) 

6 Aev\ " ~ (.i.'isXo.iS'iSzlCs'i 


6 _ 


3.72 tei 



PROBLEM 4.204 



4.203 and 4.204 Knowing that M= 5 kip-in., determine the stress at (a) point A, ( b ) 
point B. 


SOLUTION 

A = i (i.s)te') - 3.7 s 

p - Z. r *+.00000 m 

b,: O , ^ r 2 In. ^ ^ m. t-i'S i>. 

l)s« 4W' “f f 1 * p 


p 4 h 2 ( b, 4 bQ 

K ‘ 

(a5)(3) > (o+ 2-0 

[(o^(£V&.S-)C2)J A, I- (3)(o- 2.5 ) 

£ a 7 - R r O. 14 534 iV 
ta) - R- r. T 1.85446 m 


~ 3.S.5fG4 ; n 


M = -S k»p« i*. 


6*a r - 


Aef t 


(5)0.85464) 
(3.75)(°.f4534 )Cx) 


- 8.51 k*; 


Ob) R- ^ ’•* 


6** - 


Ae^ 


(5X-/-^5~S4 ^ 
CS.75'Xo»^53 4)(^ ) 


/o ksr 



□o 


PROBLEM 4.205 


4 ' 20! Kn0Wmg that P 35 ki P s ’ determine the stress at (a) point A, (A) point B. 


PI SOLUTION 

h - 5 Vl- 3 .S, in.^ r tj ,V, 

d%K a~ 3[n a = i bln = 4 (.%Xz.z) - 5.9 ;« x 

^ '' ^ k ' 7 - c f = A - s.z 

ReJlJet '&ecA,'u* -Payees, -fv «. cot^e Sjaie.^ *J He ee^r/ 0 .^ 

P - S.S kips M = Pf e =■ 18.2. kip-in 


For- <x j'ri'a.ncfoJ/n/' seci la* R = 

J H a -A 


CO. 5 V 3 . 4 ~) 


If. I) 7-C 

3 , 6 . ^ V 


5.01061 in 


e- r - R. - ©. 17943 in 

CO-'i - R - r, - 1.07007 in 

g: r - £ - ilyi - _ A£ _ 08- g) (1.07007) 

A Aer, 5:4 (S.vXo.izvkX*) ~ 7 ' S9 ks ' 

_y g “ A - r a =• _ 2 . 52^3 in 


5 " __£. _ My s _ _ a£. _ Qg.kY-a-sws) 

A Aer*. 5.4 (5.4){o.i2443X7.e ) 


A 

i _ 


7.49 ks,' 


t*~M 


PROBLEM 4.206 



4.206 Show that if the cross section of a curved beam consists of two or more 
rectangles, the radius R of the neutral surface can be expressed as 


where A is the total area of the cross section. 


SOLUTION 


A ’ 


Nofe ■Po/*’ ea.cM 


*«• \ 'i I \.v^/ 

^ ^ d A - ^ b.; ^ 

L ~ L D tkii 

' ^Of/ ft. 



PROBLEM 4.207 





r r 


PROBLEM 4.209 


SOLUTION 



P\ = \ tVi 



4J09 A triangular cross section 

TKe w vex'/' es f 


w - c 0 4- c.,r 

W = t ^ f = V s , «*cJ = O o_i f - r t 
b - C 0 + C.f, 

O = C 0 + C, <\ 





PROBLEM 4.210 


*4.210 For a curved bar of rectangular cross section subjected to a bending couple 
M, show that the radial stress at the neutral surface is 


SOLUTION 


iVA i '1 1„_ 

° r Ae R r. 


and compute the value of a r for the curved bar of Examples 4.10 and 4.11. 
A+ A] s4«.nce V s (Hint: consider the free-body diagram of the portion of the beam located above the 

neutral surface.) 

cr - tUi 

Ae*' A fT 


- M _ Mg 
P\e Aer 

pov por } iotA above +Ke 

d>t\S ) t hi 4 o/ , C€ is 

Hr 5 €i CM * 

a Hk f g Jr _'mR! C* sfc 

;..e -V, Ae \ * 

tfth 4 o - ? SV 

F r ■ J <=V C<-5 /6 <JA 

“ \ cos ft b f? 

a. 

* r 6V lc R ^ cos /$ 


/ e e \ 

/ 2 2 \ 



:v hM 




¥-0- r t -a|) 



- GV. b R s »'n /S j 1 

L i 


“ f«u/faiv4 r o? 


S 2(5T r tfi cf* -j 




— S M sm ^ o 


26 , tf? «,•„§ - 0 - 4 - * O 

- m r . * _ o .£ 'i 

^ ■ ~FT t 1 "f? r, 1 



PROBLEM 4.211 



4.21 1 A single vertical force P is applied to a short steel post as shown. Gages located 
at A, B, and C indicate the following strains: 

e A = -500 n 6* = -1000// e c « -200 // 

Knowing that E = 29 * 10 6 psi, determine (a) the magnitude ofP, ( b ) the line of action 
of P, (c) the corresponding strain at the hidden edge of the post, where x = -2.5 in. and 
z — -1.5 in. 


SOLUTION 

I* =■ = 11.25 j„ v 

la ■ rSi&XS'l* = 31.25 in. 4 

A = (SX »■> *• IS in 1 


Mx - Pz M t «- P* 


X* - 

-2.5* 

Vh ^ X B - 5" m ^ X^ = 

2. S in j 

Xj> 

“ in. 

z;* 

1.5" 

in j ~ 1. S’ in ^ =■ 

- 1-6" in 3 


- -/-5* in 

S'* - 


= (;Wx/o*)(-5oo x/o“ 6> ) - 

- \HS*>0 


- -W.S'Jwf 

6i » 

- E£* 

- Om/oOC-* 1000 */o“*) - 

- tfooo 

ps; 

“ Afs/ 

<s^ 

a E?c 

- (:W*to 6 X-Zoo »I0~ C ) - 

i 

06 

0 

0 


- - 5 \S Us; 


&A *— £ T - -0.06667 p - O.I3333 M„ - O.O* M z 

6"e, *-..?■ - = -0.06 667 P - O. \3333 M„ +- O.Og M z 

s; =■ - - 0.06667 I 5 + 0.13333 + 0.03 

Sots+i 6^ 6** m+o 0 \, <W C?) 

Sbi-ym^ St' Wwj/f'fct VI U«o(“t'ons g ive s 


CO 

& 


M* - &7' kip-k^ Mj* -qo.zzsfcfi-ifj P= I52.;ur Kps 

, - 70 . £15 _ 

P i-sx^ 

Mz - 37 

P “ 


X 
2 ^ 


is't. ar 


O.^W in. 
O - -S’? J i w k 


6*0 - - -jf - dgp + - - 0.0666 7 £> + 0.13333 M„ - O.Og M, 

- - (0.0666 7)052.15) +(o./3333)(37) - (<5.08)0: 70. 625 ) 


8.7 o k«f 





PROBLEM 4.213 


4.213 The couple M is applied to a beam of the cross section shown in a plane forming 
an angle 15° with the vertical. Determine (a) the stress at point A, (b) the stress at 
point B , (c) the angle that the neutral axis forms with the horizontal. 


M 300 

z— 


(O.) 

(b) 

(O 


Y r 


S ' • 1 TI 



20 trim 


SOLUTION 


10 mm 
20 mm 


10 mm 


(6 - \$ 


ax«.s sj avnol z oj* 5h ow** on He -ske+c^r 

1 2 r ^OKSo) 3 +■ 2-Ti(lo)(to) 3 

- o. iO$2$3* \O c - o. lO^SSS * /cT 6 W 

ly - ~(|C>X3G)* + 

- 0.0ZS2$3XlO C r 0.025*33 y /o'** 1 * 

- S^o C.OS IS" * ^S^.78 N-m 

Mv - 30^ 5in /S' 45 = 17. CS N- r* 


r ,25 ; Zf, T ~S 

_ Mz.Ya . MW* __ _ (*89-73 )tov/o"*) (7?.&fX-5v/o’ 5 ) 

° A I z ly 0. 105333 WCf 4 0.O*5&33*70" c 

- - 83.5X/0 4 - -83.5 HPo- 


Wl)^ 


Ye “ *8 

g- _ _ H ?« _ _ (n.iS-)(-iS*lcr') 

6 " ’ I z T y 6.|o^S3x/0"‘ 0.02583,3*10-* 


- -5?.Sx/a £ K * -5S-S MPa. 


+** d? r Q ~ 0JOTS33 -j- AM IS* r. J.0977 

r Iy 0 . 025833 * 10 “ 


<p - »f7.7 



PROBLEM 4.214 


4.214 Determine the maximum stress in each of the two machine elements shown. 


4001b 



(b) 

All dimensions in inches 


SOLUTION 

F*r each i c *se M - Ofao » Jooo Jtkt j* 

A-V fl,e **mr mu*r\ 

I z ± ( Q.S)(LS ) 2 S' O. l+OCZf iv,* 

c r 0.1 S in. 

(a.) D/d-- 3 / 1.5 -- 2 

V'/e) - 0.3 /l.S - O.Z 


(M 


6 - ^ Hc - (l- '’ S)(looo) (o.TS) 

»•*' j ‘ o.iioHs 

D/d - S//.3- * 2. r/d ^ 


F t" oh. Fig F. 3 F 
- 7.33 x /o 3 

0.3 / Af =■ 0.4 


K -- 1.75" 

= 7.33 -* 


Fi‘3 4. 31 K- l.S 0 

6 v , a-SQ)O oao)(o.7S) 

M *‘ I O.HoGfcT 


8.oo«!o p»r = 8.oo kv 



PROBLEM 4.215 


4.215 The four forces shown are applied to a rigid plate supported by a solid steel post 
ol radius a Determine the maximum stress in the post when (a) all four forces are 
applied, (b) the force at D is removed, (c) the forces at C and D are removed. 



SOLUTION 


For a. sciid cirwf*r secffoh y%«tivs <x 

A - tta*- : Tsf-aS 

LoS) -Porce F = 4P , M x - M z - O 


1 - ^ r - '-* 73 


Od) Force a. 4 T) »s I. 


F = 3 ?, M x = - ?a- ; - o 

s* - - - id** T -f£ ^jjoYzaJ P/a* 

A X ^ ci*“ tig*- r/*. 

(C.) Forces or! C a* J T) Are. r'e^oi/e^ 

F ~ 2P M x •=■ - Pa , M z = - Pa. 

R csjJ/’f'&v i"f M - -/"m^ ** Mj - * - - -/r" Pa. 


^ - — E _ j^Lc _ _ _ -fcPa-a, _ _? + ^f 


.7.437 PA 1 



PROBLEM 4.216 



1.34 in.| 

I 1. 5 in. 


1.84 in.- 
- 2 in.— 


4.216 In order to increase corrosion resistance, a 0.08-in.-thick cladding of aluminum 
has been added to a steel bar as shown. The modulus of elasticity is 29 * 10 6 psi for 
steel and 10.4 x 10 6 psi for aluminum. For a bending moment of 12 kip*im, determine 
(a) the maximum stress in the steel, ( b ) the maximum stress in the aluminum, (c) the 
radius of curvature of the bar. 

SOLUTION 


Use s-s -fke /e-fe/e/;** a 


= I* - ~ ' O.SSSk. 


- £ (l. 81 V 1.31? 4 0.3586--^ - 0. 43235" !„ 

(a) y s r If 5 0 . 4 ? f« 

^ - M* _ (l?l(o.cD _ ,^33^. 


O.H3S3S 


if * 0.75- i„. 


S. - - 0.3S26 . y 36 ^ 

*• I 0.H3S3S 

X -_£±- . m y/o-‘ 

P (21>'/i>‘)(o.H3S»5) 

^ - JOS'*? " S8-3 -ff. 



PROBLEM 4.217 



4.217 A couple M of moment 8 kN-m acting in a vertical plane is applied to a 
W 200 * 19.3 rolled-steel beam as shown. Determine (a) the angle that the neutral axis 
forms with the horizontal plane, (b) the maximum stress in the beam. 

SOLUTION 

For W 200*19.3 y'oiieai 

T„, c 16.6 x lo 4 14 - !6. 6 * f O ' 4 V* * 

I y ' = J./5 •*»*’'* - 

y* * y» - -/* - -y e ■= 

r A * -z s - -?o - ^ - 

= 7.7616*1(7* KJ- m 


x lo ^ ^ 

2."" ~ 1 0 f » v*. t** 

“ -S’! wi*-, 

a. 


~ U/IO 3 ') cos. 7T 0 “ 

M Y - - (s*/o*) sin - -0.6n2.*to S tf-mn 


.-6 


_ I, » ^ _ IC.C *lo ” _l. f ,-o 


(a) fa.* ^ r -j?' t a* Q - — 


\S * tO" 


Tav\ 


(-5°: - - i .26*? 



U>) sires5 occots aA p»'*t D 

^ Mz 7 d . HyZ© _ (7- 9G 96 */O s )(-/£>/. 5*/?^ 1 fo,6 77;?>90 8 )6S7X/P~*) 

r *“ T * T v " /6.6^/C7 - c * LfS-XlcT 6 


77.6 *70 c Pa. - 77.6 MPa. 



PROBLEM 4.218 



’ 10 mm 


120 mm 


4.218 Threel20 * 10-mm steel plates have been welded together to form the beam 
shown. Assuming that the steel is elastoplastic with E = 200 GPa and o Y = 300 MPa, 
determine (a) the bending moment for which the plastic rones at the top and bottom of 
the beam are 40 mm thick, (b) the corresponding radius of curvature of the beam. 


SOLUTION 





^ 

Ra ^ -j 

*3 

*Z 

R. 


A,= (I2o)0o)t f?, - 6 r A, - (30o xio c )(\zoo + io~ t,s )? 3&o+l<? M 

A a - (SO^(|o^s 3 60 ^ (> r A x * (3 00x(0 c )(' 2 > 0 o X (cf* ) * *?o«/o s ^ 


A s r 

(3 o)0 o 



' * 6* f /A 2 - -k (ZoofilO* )(3oo*tO‘ c } 






* 

r €£ 

•V, W) 

- £6" V |0~ 1 k<V\ 



- 4S 

Mtv> 

r */.£ x to’ * ^ 


y* 



* 2o x /o’ 3 ^ 


(a)' l 


(f?, 

* ♦tfxjfi 4 

- £ {(3Co)(6s) + (<?©)(4s) + (HSXao^ 


- £6.1*10* = sS*.7*AA*» 

_ . (^QxloOfSQK/o"*) 

' 6- 3oe> y|o‘ 


(bl ^ -- §*- 
P B 


7,0 yr\ 




PROBLEM 4.219 



4.219 Two thin strips of the same material and same cross section are bent by couples 
of the same magnitude and glued together. After the two surfaces of contact have been 
securely bonded, the couples are removed. Denoting by the maximum stress and by 
P\ the radius of curvature of each strip while the couples were applied, determine (a) the 
final stresses at points A, B, C, and D, ( b ) the final radius of curvature 


SOLUTION 


Lei b : 

W l‘c)|k 

L 0 a. A 1 OQ 

c»u e ; 

±,= 

ikbt 

6 i = 

M,c. 

I 


I W 7 

_L - _ 12 M, 

h El, " Et* 

Aliev* M, is +© ect-CfU cff+kfi. 5+iTt'ps . 

Ike ,slresses clv^. j/Ven in -hhe skercM 

oJ\oo\je-. TKtfy 

e;>- s (J e> 6 ^ s;, s;- 

ike 4'o-fcJ^ k.evftfWrvg CoopJe, is 2 . 

Al+ev'' toopie iV . 

I * Itt' 

C ~ f . Tie stresses re»^o^e^ «a<s 

- - Mly. = - *M : .y = , 3M,y 

to - - *•+* bt* 


X fbt* 


c-' - mh - -L<r r'.r'i n ,=r'- 3M, * j.g' 
" “ bt* “ * Sc 0 j °« "'U 1 A ' 

(Ol Finai 54res.s es - S» - "<?, -(" *€]’') r ~ X 

6I : 

«k* -«;■ 

6 r 0 r -*«r * 

J. _ M 1 2 Hi _ 3M, J__L 

f ‘ EX* * E|bi» ‘ Et 1 ‘ ‘ t /°- 

(W) FioJ* yvadi'us jz = --pT' ~ pi ~\k< ' T/°< 

/° ~ 3 /°< 



PROBLEM 4.220 



4.220 Knowing that the hollow beam shown has a uniform wall thickness of 0.25 in. 
determine (a) the largest couple that can be applied without exceeding the allowable 
stress of 20 ksi, ( b ) the corresponding radius of curvature of the beam. 



SOLUTION 


E - 


I =■ tk kW 5 - R kik- 5 = •k'sXt.zsf - i ^.s)(z.zs) i =• s.5-046 


C = ^ U G2j5~ 



^ M = go., 4,>.,V 


(b) £. = X. - 


•’* P 


- - 0°»& xf<7 fe )(/.6g5) 

6“ w ^OVfO 1 

- 86/ f* - 71. *5 fk 


PROBLEM 4.221 


4.221 A beam of the cross section shown is extruded from an aluminum alloy for 
which E - 72 GPa. Knowing that the couple shown acts in a vertical plane, determine 
(a) the maximum stress in the beam, ( b ) the corresponding radius of curvature. 


M = 3 kN • in 


Dimensions in mm 


10 40 10 40 10 

,inn. SOLUTION 

ms in mm For t b*l \0 mn , b ~ HO Ww 


It ~ ^(uo^Ofof - *fo 6 

FotA o»e coiczjf Id ^ Ho ^ Vi ~ 

Iz. - TaloVi 3 = - 0 -OZQ &7 xio* 

X - I, - 2.I* = 0.53333 = 0.53333 */o" 6 ^ * 


W r 3 «IG % N-rh 


C * %C> win - Zo *(o S v* 


*>' S' ■ ^ - tn.s*to* P„ , MS.S MR, 

«i-| •• r -- V • ‘‘'■qy' 1 . k.«o 




PROBLEM 4.222 


4.222 For the machine element and loading shown, determine the stress at point A, 
knowing that (a) h = 0.9 in., ( b ) h = 1.5 in. 


D 


Li 


D 

: n 


200 lb • in. 



SOLUTION 


Ca'i Vi - o.l \ 


it* 


, r, - 6.S .v v; = \.H ; 

A - (p.Q>')(o. c i) - o.sw 
Vt o.<\ 


m 


R = 




o.-? 


- 0.S7MU 


in. 


200 lb • in. 


M - - zoo 


r ? + O :o.w;, 

£ 5 r-Hr O. 07£ 2=t In 
O. 3"?HM 


, jr. = * - r . z 

g- _ _ (,-2oo')(.o.%-m\i ) 

A ' Aer, <,o.£i)(p.oisirxo.S) 


3.6Sx)D f>s? 

~ Z.GS ksi 


(W> h - /• S m 


f, - o.s ; 


iw 


; ■ . - > 

A =(o. sKf-O « o.?o 

h _ 1-5- 


R - 


A- 7? 


j? n ^=2 
x O-S - 


r 2 * 2 .o 


1.02202 m. 


F -- i(V, + r,) - t.xs 

e - r - ft * 0. K7?8 m. 

M - - 200 A* T*. y A * R-/\ - o.-rsaos. ;^v 

^ r - ^A (-.^i 


Aer 


(>Zoo)(g>>5^og N > 

(©.*oK0.l*71gX**S“) 


* (O f9‘ 

r urwo vtsc 


I 




PROBLEM 4.C1 



4.C1 Two aluminum strips and a steel strip are to be bonded together to 
form a composite member of width b = 60 mm and depth h = 40 mm. The 
modulus of elasticity is 200 GPa for the steel and 75 GPa for the aluminum. 
Knowing that M = 1 500 N • m, write a computer program to calculate the max- 
imum stress in the aluminum and in the steel for values of a from 0 to 20 mm 
using 2-mm increments. Using appropriate smaller increments, determine 
(a) the largest stress that can occur in the steel, (b) the corresponding value 
of a. 

SOLUTION 


C 0 £>^7 ( ru . >v= 











b = 60 ram h = 40 ram 


M - 1500 N.m 


PRO 6 ourror 


Moduli 

of elasticity: Steel « 200 GPa J 

a 

I 

sigma 

sigma 



aluminum 

steel 

ram 

tn' , 4/l0''6 

MPa 

MPa 

0.000 

0.8533 

35.156 

93.750 

2.000 

0.7088 

42.325 

101.580 

4.000 

0.5931 

50.585 

107.914 

6.000 

0.5029 

59.650 

111.347 

8.000 

0.4352 

68.934 

110.294 

10.000 

0.3867 

77.586 

103.448 

12.000 

0.3541 

84.714 

90.361 

14.000 

0.3344 

89.713 

71.770 

16.000 

0.3243 

92.516 

49.342 

18.000 

0.3205 

93.594 

24.958 

20.000 

0.3200 

93.750 

0.000 

Find ' a 

1 for max 

steel stress 

and 

the corresponding aluminum stress 

6.600 

0.4804 

62.447 

111.572083 

6.610 

0.4800 

62.494 

111.572159 

6.620 

0.4797 

62.540 

111.572113 


Aluminum = 75 GPa 


Max Steel Stress = 111 . 6 MPa occurs when a = 6.61 mm 
Corresponding Aluminum stress * 62.5 MPa 






PROBLEM 4.C2 



4.C2 A beam of the cross section shown, made of a steel that is assumed 
to be elastoplastic with a yield strength ar Y and a modulus of elasticity E, is 
bent about the x axis, (a) Denoting by y Y the half thickness of the elastic core, 
write a computer program to calculate the bending moment M and the radius 
of curvature p for values of y Y from 5 d to g d using decrements equal to 3 t f . 
Neglect the effect of fillets, (b) Use this program to solve Prob. 4.218. 

SOLUTION 


Compote of /hcr-tm 2 

— ■ — * > 



Y*El /n 6 & S •' (c^ijia&R \j ppeu hali= of <=/Zc*ss SJ-ct/o*) c = 



S7R&CS RT JOHcrtoM CP vnBtZ rs pc 


\ 




Os-TQIL of ST&B&S P/A&pflM 


a 3 =t)r i[ar-(*‘ 

a f : I (e-t f ) 


RBSl/LlPr^'7 

Foizces 



R z - -IfTy. bffy-lz.- tf)] 
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PROBLEM 4.C2 - CONTINUED 






A 


Y?ElDI/r6 /<v ( C6H£)p£k, UPf pfc MpiP- 

^ 5 44 


&Pctea£s j ?£■£?/&*) 


ri 


F 1-4 


Tv 


/t- k 


f 

r 



. Rs-~ S 6f 

^7 “ j'V 


a 6~ zhy* (* “**)] 


Vi 


MOM£h r 


7 3 

""zZi: %a 




>> 'A 


If'fiPHZ or cun vflTvKt tF^p «- _5_p ^_ 




S' 


Few : mm ' /</■>' //V £yp/2i£gSAs*>£ /Q 5/c port ^ ^ ! To ^ 

Knti Cj Y ~ < *> fc-tf) PT -k*/jz D&c&eM&vTf ' y J__ 


^MPo-rtr /* = ;? 2“ /*>, o .„ /■■-*> p. n ~ l To V o - ^ /=%7"7 


fjy- (&-£*>) 7> /?/* ~F/ Z y ^ 

CO/VPU 7T M~ ? £/?*#„ P<*<- P>-S~ 7b?. f\/fQS?~ ~~r~ j 7»e» 

JWPbT NUM&ZtCAL VALUED rtf-'O Ku* PfePeZ&STM 


££6£&»± at'vPUT' 


For a beam of Prob 4.218 

Depth d = 140.00 mm Width of flange bf = 120.00 mm 

Thickness of flange tf » 10.00 mm Thickness of web tw = 10.00 mm 


I = 0.000011600 m to the 4th 

Yield strength of Steel sigmaY = 300 MPa 

Yield Moment MY = 49.71 kip. in. 


yY (mm) 

M(kN.m) 

rho (m) 

For yielding 

still in the flange. 


70.000 

49.71 

46.67 

65.000 

52.59 

43.33 

60.000 

54.00 

40.00 

For yielding 

in the web 


60.000 

54.00 

40.00 

55.000 

54.58 

36.67 

50.000 

55.10 

33.33 

45.000 

55.58 

30.00 

40.000 

56.00 

26.67 

35.000 

56.38 

23.33 

30.000 

56.70 

20.00 

25.000 

56.97 

16.67 





PROBLEM 4.C3 


JL] 
i V" 

y 

( 

n 



4.C3 An 8 kip • in. couple M is applied to a beam of the cross section 
shown in a plane forming an angle /3 with the vertical. Noting that the centroid 
of the cross section is located at C and that the y and z axes are principal axes, 
write a computer program to calculate the stress at A, B, C, and D for values of 
from 0 to 180° using 10° increments. (Given: I y = 6.23 in 4 and I z = 1.481 in 4 .) 


SOLUTION 


! hi PUT cc>on o 7 s P. £> s, 

£.* ?/-?)' 4 (s)= -/.V 

yifr) = -/■* 


? 71 =^;r / 


Dimensions in inches 


p/?c. 6/?n M : 


/Wij * — Pf £//> p 


M Cos. 


(2- C> 7z> ygeT /£> ~ /AJo/cp/sipT'-rr, 

~>) = / 7-<S> V US' "6 (JS-//T /aC^A-^7^, 

PC) V.-ST plZJ* T £7-&tc<&r 

PBTurz/y 

TVKM 


PGAStlfib* O u TP 07 


Moment of couple M = 8.00 kip -in. 

Moments of inertia: Iy * 6.23 in'' 4 


Iz = 1.481 in"4 



Coordinates of 

points A, B, 

D, and 


Point A: 

Z{1) = 

2 : y (1) 

= 1.4 


Point B: 

z(2) = 

-2: y (2) 

= 1.4 


Point D: 

2(3) = 

-1: y(3) 

= -1.4 


Point E: 

z (4) * 

1: y(4) 

= -1.4 


- 

- - Stress at Points 

- - - 

beta 

A 

B 

D 

E 

o 

ksi 

ksi 

ksi 

ksi 

0 

-7.565 

-7.565 

7.565 

7.565 

10 

-7.896 

-7.004 

7.673 

7.227 

20 

-7.987 

-6.230 

7.548 

6.669 

30 

-7.836 

-5.267 

7.193 

5.909 

40 

-7.446 

-4.144 

6.621 

4.970 

50 

-6.830 

-2.895 

5.846 

3.879 

60 

-6.007 

-1.558 

4.895 

2.670 

70 

-5.001 

-0.174 

3.794 

1.381 

80 

-3.843 

1.216 

2.578 

0.049 

90 

-2.569 

2.569 

1.284 

-1.284 

100 

-1.216 

3.843 

-0.049 

-2.578 

110 

0.174 

5.001 

-1.381 

-3.794 

120 

1.558 

6.007 

-2.670 

-4.895 

130 

2.895 

6.830 

-3.879 

-5.846 

140 

4.144 

7.446 

-4.970 

-6.621 

150 

5.267 

7.836 

-5.909 

-7.193 

160 

6.230 

7.987 

-6.669 

-7.548 

170 

7.004 

7.896 

-7.227 

-7.673 

180 

7.565 

7.565 

-7.565 

-7.565 





4.C4 Couples of moment M = 2 kN ♦ m are applied as shown to a 
curved bar having a rectangular cross section with h = 100 mm and 
b = 25 mm. Write a computer program and use it to calculate the stresses at 
points A and B for values of the ratio rjh from 10 to 1 using decrements of 
1, and from 1 to 0.1 using decrements of 0.1. Using appropriate smaller in- 
crements, determine the ratio r } /h for which the maximum stress in the curved 
bar is 50 percent larger than the maximum stress in a strainght bar of the same 
cross section. 

SOLUTION Juror : h= loo ^ Sf Af -- 2 MU' Vf 

smn&HT h h 

faLlo^r, -it? Nq-TA T/o/y or S~fc, K£Y /A/ 7* ir L • 

r Z = 'h + r , } R- h/ji,(r^r t ) J T-r,+r z i f c r-/? ) ^j) 

$7ne£sirc ; ^7-- M(r / -P))(f\er ) ) M (r 2 -/?)J(fler z ) (2) 

* 2 ' hep h~/0O'TA r ny ) Fofl r,/h -/£> j S, - / 000 , PL 50 X'Jh-ZOj r~,~/oo 

!?f\M : F'o/z r, ~ tceo to / 00 f\ T - /&> /thants 

US/HP jFG>ufi7/0»: or i/Ni r J *//p 7T e j T f Oh# t 9 

fasojhAitMTTi ratio-* Qi/vbfiwr 

RE7~ur?H rthO FO/2. r; - /oo To SO #7 0&:t&M£*7r 


PROBLEM 4.C4 



j 


aOT/?UT 


M = Bending Moment = 2. kN.m h = 100.000 in. A = 2500.00 mm" 2 
Stress in straight beam * 48.00 MPa 


rl 

rbar 

R 

e 

sigmal 

sigma2 

rl/h 

ratio 

mm 

mm 

mm 

mm 

MPa 

MPa 

- 

- 

1000 

1050 

1049 

0.794 

-49.57 

46.51 

10.000 

-1.033 

900 

950 

949 

0.878 

-49.74 

46.36 

9.000 

-1.036 

800 

850 

849 

0.981 

-49.95 

46.18 

8.000 

-1.041 

700 

750 

749 

1.112 

-50.22 

45.95 

7.000 

-1.046 

600 

650 

649 

1.284 

-50.59 

45.64 

6.000 

-1.054 

500 

550 

548 

1.518 

-51.08 

45.24 

5.000 

-1.064 

400 

450 

448 

1.858 

-51.82 

44.66 

4.000 

-1.080 

300 

350 

348 

2.394 

-53.03 

43.77 

3.000 

-1.105 

200 

250 

247 

3.370 

-55.35 

42.24 

2.000 

-1.153 

100 

150 

144 

5.730 

-61.80 

38.90 

1.000 

-1.288 

100 

150 

144 

5.730 

-61.80 

38.90 

1.000 

-1.288 

90 

140 

134 

6.170 

-63.15 

38.33 

0.900 

-1.316 

80 

130 

123 

6.685 

-64.80 

37.69 

0.800 

-1.350 

70 

120 

113 

7.299 

-66.86 

36.94 

0.700 

-1.393 

60 

110 

102 

8.045 

-69.53 

36.07 

0.600 

-1.449 

50 

100 

91 

8.976 

-73.13 

35.04 

0.500 

-1.523 

40 

90 

80 

10.176 

-78.27 

33.79 

0.400 

-1.631 

30 

80 

68 

11.803 

-86.30 

32.22 

0.300 

-1.798 

20 

70 

56 

14.189 

-100.95 

30.16 

0.200 

-2.103 

10 

60 

42 

18.297 

-138.62 

27.15 

0.100 

-2.888 

Find rl/h for 

(sigma max) /(sigma straight) = 

1.5 



52.70 

103 

94 

8.703 

-72.036 

35.34 

0.527 

-1.501 

52.80 

103 

94 

8.693 

-71.998 

35.35 

0.528 

-1.500 

52.90 

103 

94 

8.683 

-71.959 

35.36 

0.529 

-1.499 

Ratio of 

stresses is 1 . 

5 for rl 

= 52.8 mm or 

rl/h = 0 

.529 



[ Note: The desired ratio rl/h is valid for any beam 
having a rectangular cross section. ] 



PROBLEM 4.C5 



4.C5 The couple M is applied to a beam of the cross section shown, 
(a) Write a computer program that, for loads expressed in either SI or U.S. cus- 
tomary units, can be used to calculate the maximum tensile and compressive 
stresses in the beam. ( b ) Use this program to solve Probs. 4.1, 4.10, and 4.11. 

SOLUTION 

M Pa'll Sjr-fr 7~ M 



Pc>R 7? ■= / 7^ >?,' £-H7T~R 


A h. 


A HO h * 




( PR Pi r) 


\^lvio/v/B^7 OP cZ 771 H Pill our j 

A hi - (Afi(2£fi) 

A '*1 ftfce-A - A/Zpff 4 -AARtrft 


loeo-Tsoss <r>P <r ^ a / tv ? o/q iz e\ :£ 

i * ^/pas* 

Op ,A/£r/Z7~,^ rtgoor cr P^///2Q /QAL l)y jR 

^L ? a / 73 * • «■**= + -b h»/z 

A I s bn b^//Z + lb* K)/ y 1 

Jp It 41 


(P0/Y7~) 


(pjptw) 


££M£0Zdz?chj_ op &r-££5s£S 


rdP 


H 


»-5 


ZcrrroM 


/Pc/Z >,-/ /2 3 >9 

H- p* +■ 

S7j?t& rtr tz>p 

m =-m Az£ .. 

/ap 7 

£77d£s.s P7~ rzo-ry-cpp* 

Me = M — 

jr 


l Pet »r) 


(fpm) 


p£*T p/f/.p pop p£o/r a on p*? PQ&3U&# ht, y-'/a, uj/ 


CONTINUED 



PROBLEM 4.C5 - CONTINUED 


Problem 4.1 

Summary of Cross Section Dimensions 
Width (in.) Height (in.) 

2.00 2.00 

6.00 1.50 

2.00 2.00 

Bending Moment = 25.000 kip. in. 

Centroid is 2.750 in. above lower edge 
Centroidal Moment of Inertia is 28.854 in*4 

Stress at top of beam ■ -2.383 ksi 
Stress at bottom of beam = 2.383 ksi 


Problem 4.10 

Summary of Cross Section Dimensions 
width (in.) Height (in.) 

9.00 2.00 

3.00 6.00 

Bending Moment - 600.000 kip. in. 

Centroid is 3.000 in. above lower edge 
Centroidal Moment of Inertia is 204.000 in 4 

Stress at top of beam ■ -14.706 ksi 
Stress at bottom of beam ■ 8.824 ksi 


Problem 4.11 

Summary of Cross Section Dimensions 
Width (in.) Height (in.) 

4.00 1.00 

1.00 6.00 

8.00 1.00 

Bending Moment ■ 500.000 kip. in. 

Centroid is 4.778 in. above lower edge 
Centroidal Moment of Inertia is 155.111 in“4 

Stress at top of beam ■ -10.387 ksi 
Stress at bottom of beam - 15.401 ksi 


PROBLEM 4.C6 



4.C6 A solid rod of radius c = 1.2 in. is made of a steel that is assumed 
to be elastoplastic with E = 29,000 ksi and o> = 42 ksi. The rod is subjected 
to a couple of moment M that increases from zero to the maximum elastic mo- 
ment M Y and then to the plastic moment M p . Denoting by y Y the half thickness 
of the elastic core, write a computer program and use it to calculate the bend- 
ing moment M and the radius of curvature p for values of y Y from 1.2 in. to 0 
using 0.2-in. decrements. (Hint: Divide the cross section into 80 horizontal 
elements of 0.03-in. height.) 


SOLUTION 


7" 


T- 5 
£ 


Atp- T; 


CoHSlOBZ T&P FfiLF OF FoO 



/ 


/oo 

200 


71 = 0 70 i-1 S7-** 1 

Lj~ -?? (A A) 

[ <e*- { Lr>+o.s)Ahf j 

fF 6j > tjy £0 TO /OO 

APRFft ~ ZZflk) 

Afopcg- (AAfcrp) 

/A MoFstjwr rr AToFcF (*9 + • S) £ n 

P= 0r*/r Y 

PJ?M/T ^Yj -M, FWf>. 

NFxr 


- A FT OF A/; 

- S77?£S£ IF FA n<7>c 

5T)2£fS //v FA AST/ o SoA4*~ 


f?FPF/>7 

F&R 

Jjy -L2 th, 
^ T ° ^ 

PT -0,2-fo, 
PFC2£lr£F7S 


f/PotmM ovrrur 


Radius of rod * 1.2 in. 

Yield point of steel * 42 ksi 

Yield moment « 57.0 kip -in Plastic moment 

Number of elements in half of the rod = 40 


For yY 
For yY 
For yY 
For yY 
For yY 
For yY 
For yY 


96.8 kip. in. 


— 

1.20 

in. 

M 

= 

57.1 kip -in. 

Radius 

of 

curvature 

«= 

828.57 

in. 

= 

1.00 

in. 

M 

= 

67.2 kip-in. 

Radius 

of 

curvature 

S3 

690.48 

in. 

= 

0.80 

in. 

M 

= 

76.9 kip -in. 

Radius 

of 

curvature 

= 

552.38 

in. 

— 

0.60 

in. 

M 

= 

85.2 kip -in. 

Radius 

of 

curvature 

» 

414.29 

in. 

c 

0.40 

in. 

M 

2= 

91.6 kip -in. 

Radius 

of 

curvature 

= 

276.19 

in. 

- 

0.20 

in. 

M 

s 

95.5 kip -in. 

Radius 

of 

curvature 

sa 

138.10 

in. 

as 

0.00 

in. 

M 

* 

infinite 

Radius 

of 

curvature 

= 

zero 




PROBLEM 4.C7 


— J +-h —A b 


V ' * 

t _ V ft-p 







ourroT 


4.C7 The machine element of Prob. 4.204 is to be redesigned by re- 
moving part of the triangular cross section. It is believed that the removal of a 
small triangular area of width a will lower the maximum stress in the element. 
In order to verify this design concept, write a computer program to calculate 
the maximum stress in the element for values of a from 0 to 1 in. using 0.1- 

# ih. increments. Using appropriate smaller increments, determine the distance a 
for which the maximum stress is as small as possible and the corresponding 

* value of the maximum stress. 


SOLUTION 




in. 

in. 

ksi 

0.00 

3.855 

-8.5071 

0.10 

3.858 

-7.7736 

0.20 

3.869 

-7.2700 

0.30 

3.884 

-6.9260 

0.40 

3.904 

-6.7004 

0.50 

3.928 

-6.5683 

0.60 

3.956 

-6.5143 

0.70 

3.985 

-6.5296 

0.80 

4.018 

-6.6098 

0.90 

4.052 

-6.7541 

1.00 

4.089 

-6.9647 


M~S 'kifih . KJ = Sih. ~ 2S in 

Poe cl ~ c To A o f ) t &.! //y ve-r < valf 
h = 3 - a. 
r.-T -ha. 

A * (6, t&z)( h)z) 

5 b,h (%i) + 

o r jh (A, + A ? ) 

n 

e » r- R 

M ( r ,-X)/[M&Wr,)\ 

T £ - MLc z -R)f]*K*fi WrJ\ 

PP/NT fiW KB7URH 


sigmaD aigmaB 


2.1014 

2.1197 

2.1689 

2.2438 

2.3423 

2.4641 

2.6102 

2.7828 

2.9852 

3.2220 

3.4992 


bl 

rbar 

e 

0.00 

4.00 

0.145 

0.08 

4.00 

0.144 

0.17 

4.01 

0.140 

0.25 

4.02 

0.134 

0.33 

4.03 

0.127 

0.42 

4.05 

0.119 

0.50 

4.07 

0.111 

0.58 

4.09 

0.103 

0.67 

4.11 

0.094 

0.75 

4.14 

0.086 

0.83 

4.17 

0.078 


Determination of 

the maximum compressive 

stress that 

is aa 

small as i 

a 

R 

sigmaD 

sigmaB 

bl 

rbar 

e 

in. 

in. 

ksi 

ksi 




0.620 

3.961 

-6.51198 

2.6425 

0.52 

4.07 

0.109 

0.625 

3.963 

-6.51185 

2.6507 

0.52 

4.07 

0.109 

0.630 

3.964 

-6.51188 

2.6591 

0.52 

4.07 

0.109 

ANSWER: When a = 

625 in. the 

compressive 

stress is 6. 

.51 ksi 




CHAPTER 5 
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PROBLEM 5.1 D,BW ae she8r 8,1(1 b «K%-momem diagrams 



a r a ~ 4 ‘~ b c 


* P- 5- V 





0 a 


Af sect iov\ 8 


for the beam and 


SOLUTION 


RaCLCTlOHS 


rM 6 .- o la - bp = o A* Eh 

o LC-a.Pr o r * £a 


4 "<» 5 ° AC- a.P =• o r r £& 

Ffow AfoQ 0 <r <x 

A t2F 7SO ^h _y = 

Eh T 4 v= Eh 

L L 

t) 5: Mj r o M - Efe - . 


¥ - V = O 


V* Eh 

L 


X z O 


FV©w\ 8 "ho d 


M = Pk* 

L* 

a < *,< l 


iZFv-o y •* 2s* * 


l^-L-x 4 

L 


- m + £s- 


V: - £& 
Y L 


♦ ^0-*^ = 

M r £o±(l—x) 
L 


Mr JSftfc. 

L 



PROBLEM 5.2 


foidi^°S; 6 DmW *** 311631 ^ b^ng-moment diagrams for the beam 



SOLUTION 

Reaction* 



t> ?M 3 = o - AL + wL-^r o A*-jr 
o 8 L -wL*y- o 8 =^- 
Over kolioic bea>* O < %, * L 


Fy-f* fcody cl i' e+^r-a 
$or ©ld.te***>»Vit*rtg 

f €fcc4 ions 


WL /2 



o 


see+i\>* ai x. 


hi 


Replace Jis+^’bt/feol 
/0<td by ecftfi 
Conce^olfct J)oo<A. 


•f Z Fj r 


- wl /3 


^ - v^x - V - o 
V = w(^ - y) 



PZMj = o -^x + wx| + M - o 

M- f(Ux-xM 

-fx(L-x') -• 

Maxi’« y w ben^»’h^ roow\Q*\ occurs X * jp ^ 

1 g ^ 



PROBLEM 5.3 


SJ through 5-6 Draw Ae 30(1 h^^-moment diagrams for the beam 






PROBLEM 5.4 


foldmg 0 ^,^' 6 DraW Ae ShCar aad bending ' raoment Vagrams for the beam and 



SOLUTION 


Use por'K *f© 4lie <$ •Five sec-fi OH •Hm* 

free body. 



v t i.*_j 


^ j i 

v ^i 


wCl-'*'* 



Replace J^oac/ by t<f (J\\Ja 

Co* £$*+^<4 Jockc\. 

l t 2f Pj - 0 ' V - w( L-y^= O 


t> 2f Mj = o 


V - w(L-0 ^ 

- m - wa-xX^i * o 

m*. *a-*V- 


Larses i nega.-f.Ve be^/Vig Mowe^i accjfS 

af / - O. 

M . . -JtL 1 

TllcJS^ lM\^ ’ ^ 





PROBLEM 5.5 


l0adM « 6 ^ ^ “ d bend ^-m°men< diagrams for the beam 


w(l- 3 a) 


l-KL-?*') 


t-a 




c -ft*-*) 


A B 


' " C °" **-*T~* 

Pft “ C ' A *+ *■ M«ce d (S ^UfeW/ 0 U Z . . 

♦fTC.0 i w A- a s w , . , * w ‘/ •**'* *•*. A*|. 

J *W(L 80- Wfx-^-V r 0 ^ W /L V 

&M *-° ^ , T 


SOLUTION 

Ptfa-ctro^s rt-t-u a 

J.' S +r.'k,t,J A„j by » V„X ;'"f 

f?ea.c 4 /o*s a^e 

A =• D = i*(L-2 a) 

^ A ^ 8 0< x < a 
«!) *tZF y , 0 i w a.,^. V: 

jWCL-a) “ ^*w(L-2a) 

^ rM " 0 -iw(L-2a)tM., 

M= £w(L-;fe) x ^ 

r-Bt. c a 

f=ffl *? r I l wu ->^ 

^*- 4 v b--^ 


jw a- Q ) 


vu 




L-a < x < L 

♦TjFj, * o V + iw(L-2a) = o 


*■ x« i M, 




✓ l_* a 1 \ 


-M+ h(L-%.») . 0 





PROBLEM 5.6 



todmgToL 5 ' 6 D " W 3hear “ d ^S-moment Vagrams for fe b«m and 
SOLUTION 

Reactions: A r D r wa 

o * x* < a 


V 


F»toh^ A fo 8 


y^WQl 


wa*** 


I wy 


Lta 


-Wa 


V 

+ f Z Fy « o 


M 


o- 4 W 


A S 


C X> 


-X 


Wa [ 

wa - wx - V = o 
V ~ w (a- 

Mj * o -wax + (wx^ + M * o 

M - w (ax--^') 

FroKn 8 +6 C a* x < L-a. 

1 ** 


wa 




■? 


ZFy - O 
W Cl - wa - V * O 
V - o 

t) 2 'Mj - o - wax + wa(x-|) + M = o M - ^wa l 

Fro* C+pD L-a * x * L 

. 1 ZF,= o 


H 



V - w ( L-/') + wa - O 

V “ w (L-y - ex') 

t)ZMj" O -M -wCL-x^^p^ + wa(/.-x) 

M - w[ a(L-xV iCl-*)*] 


- o 


wa 





PROBLEM 5.7 

5.7 through 5. 12 Determine the equations of the shear and bending- moment curves 
for the beam and loading shown. (Place the origin at point A. ) 

SOLUTION 

See PROBLEM S’. 1 

PROBLEM 5.8 

5.7 through 5. 12 Determine the equations of the shear and bending- moment curves 
for the beam and loading shown. (Place the origin at point A. ) 

SOLUTION 

See PROBLEM r.S 

PROBLEM 5.9 

5.7 through 5. 12 Determine the equations of the shear and bending- moment curves 
for the beam and loading shown. (Place the origin at point A.) 

SOLUTION 

Set PRoSUsm 5.3 

PROBLEM 5.10 

5.7 through 5.12 Determine the equations of the shear and bending- moment curves 
for the beam and loading shown. (Place the origin at point ,4.) 

SOLUTION 

See Problem S.H 

PROBLEM5.il 

5.7 through 5. 12 Determine the equations of the shear and bending- moment curves 
for the beam and loading shown, (Place the origin at points.) 

SOLUTION 

See PROBLEM 

PROBLEM 5.12 

5.7 through 5. 12 Determine the equations of the shear and bending- moment curves 
for the beam and loading shown. (Place the origin at point A.) 

SOLUTION 

See PR08LEM S.6 



PROBLEM 5.13 

1.5 kN 1.2 kN l.S kN 


5.13 and 5.14 Draw the shear and bending-moment diagrams for the beam and 
loading shown, and determine the maximum absolute value (a) of the shear, ( b ) of the 



SOLUTION 

CaJc^Me reactions 

‘‘DZlMs = o 

(Hoo)0-S) - 300 c +(2 2S)Cl.Z) *- 02 S)O.&) = O 
C ■ 3 . 65 " kN 



00 


- O (it sYl.S) - (7S)(3.cs) + M - o Ms II. is N-m 


to.) 


A+ £ 


1.5 


14 


r ® M 


T ■ 

\00 S 4 **l 0 O " 

3.651 


J 

V 


ZF^o 


-l.S- + 3 .C 5 - - l.z - V = O 

V = 0 . 1 s kN 


lDYM e = o C275)(|.S) - (17S*'1(3.CS) f (loo)(i.Z) + M * O 


M - 106. 2f M«, 


A+ 8 


U -- - 8 
M = o 


- 0 .?S WW 









PROBLEM 5.14 

200 N SOON SOON 200 N 

1JJ I, 


22b 1 300 ' |, 225' 
Dimensions in mm 




SOLUTION 

Ai 8 

At E + 


V - 200 M-- o 



+ t 2^ = 0 v .^OO r O 


C H 

vr^J 


V - <?0O w 


~3 od 



^oo *5*°° 

I t I loo 


^2"M £ .o - M- Lo.zisXzoo ) = 0 

M--VS N k\ 

At D 4 ^ f^ 60 I *oo 

v t 3DD 

[ZF^ - °| Vf ^oo - -- o 

V ~ - 3 oo N 

* M " * ° ~ M + Co -^* ) - co.nfi(xoo) = CC 2 

I 2oo Mr Kj.^ 


V \X 2 fl Zoo l Z7S ^ 

V - *oo + 5-00 - zoo - o 


' v=./, 0 , 

-M -(.o.nsKioo) Uo.szs)(Soo) -(o.isXzoo) s 0 

20 1 *i°° M= 67 ^ W-m 


.F=— ====±=d 

^3oo 4a2f+3oo 

5 '‘-M-’OO'-SOO-t'o .O V-,00 W 

-M - <Ml^w<>.«rtft„> . 0 

'M - 37. ^ W.fn 



PROBLEM 5.15 

3 kips/ ft 



A r - 3 


l?k.>« j 


3-*M 

C 


5.15 and 5.16 Draw the shear and bending-moment diagrams for the beam and 
loading shown, and determine the maximum absolute value (a) of the shear (b) of the 
bending moment. 


SOLUTION 

8 Refce-frot*S 

-6 A +C3XI81 - (S^So^s o 
A - - £ i>. C kips i 

10t 'r t)ZM A =0 6C - ('3)08') - («n(3a> O 

c. * & Up* t 



A +» C 

3 x;«ih 


0 * % <■ G ft 
M |2* 

D F=lqD M 

„ .rw 


+t^r Y r o -6 - 3x - V = O 

V - - £ - 3x k.>s. 

OZMj = o -fK - (3*N4h - M * 6 

M* -fix - /-fx 1 U, ft 


C 4o S 


Cft * * < t -P+ 
Ms, 13C> k' r 


M C 


+ 1£Fv = o 


X )lH«-o 


w 7 -X 

V - 30 = o 

V - 36 kips 

( 

-M - (<?>-XV3o) = O 
M = 30 x - 27o kf-ft 

IML„ - <70 k.p -Pf 




PROBLEM 5.16 

2 IdpyTt l5 *V s 


5.15 and 5.16 Draw the shear and bending-moment diagrams for the beam and 
loading shown, and determine the maximum absolute value (a) of the shear ( b ) of the 
bending moment. 




—4 ft — —4 ft' 


SOLUTION 


V (k; P ^ 



At oC. 


2 

UAiir 

i—O 


+t Z - o -v-*x=0 V--2xk; P s 

t)ZMj = o M +(&)(%) - O 

M - -X ky-Pt. 

A) C V - - £ k.y* M= -16 ky ft 


At D' 


15 kips 



+tzr r = 0 -8 -V = o V? -Skips 

t>ZM 0 ^o tQXs)-M = o M*- *48 toy ft 
At 8” $ I !S k'.ps 

>=====iD m 

T V 

•HZFJ = o - 2-/5 - V- O 

v ■ - *» fc >* s, 

02 M 8 -W -C 10 )( 8 ) - M(lS) - M - O 

M «• - mo k;> ft —i 

Cb) 





PROBLEM 5.17 

3 k.N 3 kN* 


5.17 and 5. IS Draw the shear and bending-moment diagrams for the beam and 
loading shown, and determine the maximum absolute value (a) of the shear, ( b ) of the 
bending moment. 



SOLUTION 

b Vie Mg - o 


Dimensions in mm 



M (Hr*) 



(■700)(3) - 45*0 +(330 )(3)- IDOOA - 0 

A - Z.SS IW 1 

Vi M A - O -( 3 oo)(z) - 4 SO - (700X3)* 1000 8 =0 

B = 3.45" UN f 


AV A 
A 4» C 
At C 


V - z.ss ku 

V - Z.SSM 

M 


M = o 


(. 3oo -d 
2.55 


C>ZM c = O 

-QooXlSS') * M = o 

VV M = 7£S M- n, 


0 


C 4o E 
A+ 


v - - n-«7 

'3 


V-300 -4^00 1 

7 ./dT *V 


1 3 ^ 5?m 0 . o 

-(5oo)(?.ss)+fcocS)( 3) 
4 M = o 



M - €75 ti-Yn 

)T M d - o 

-C^ooyp.^5*') -M>6 o)(3 ) 

- Hs So + M *0 


E to 8 
A* E 


V - - smr kV 


"cE 


‘Dzm, 


- o 


le-3oo ^ 

3.^5 


• M v )(3.ff5*‘) * O 

M - loss N-ho. 


At 8 


V - 3,W W-Hn M - O 


Maximum IV l = 3. Ms? kV 


MaviVidiK I M 1 ^ 1 1 25 W- wi 





***** % ■«■** mmy*. 






PROBLEM 5.19 


5.19 and 5.20 Assuming the upward reaction of the ground to be uniformly 
distributed, draw the shear and bending-moment diagrams for the beam AB and 
determine the maximum value (a) of the shear, ( b ) of the bending moment. 


36 kN 

10 kN/m . 10 kN/ra 



SOLUTION 


0.9 m 0.9 m 0.9 m 0.9 m ^ 


/ 

18 

HSy 

D 

E 8 

A c 

r^\s 

-IB 

/ 



[o) Mecxvmowt \V \ 
= \Z kW 


- \7JS 


Ovtr wkoi* r O 


3.£ w - (O.^XioV^C -(O.^X/o) - O 
w ^ IS kw/* 


A ■fo C 

,o r 




T 


M 


P 


0 < y < 0 , 9 n 
10 y 




M 


x -il 

4 f2Ty = 0 


T*V 

USv 


r J 

t)2 Mj = o 


)Sx -lox-V = O 
V = 5x 

4 (loy)£ * h = o 
K1 * Z.Sx' 


M x* C 


M * lew- 


C +»£> 

1 0 lOVtn 

ufin 


ISWwA- 




O. 1 ? M < x c 1.3 ^ 


Y.-0^S 


M 


x — J V 




IS* 


tJ 

V 


M 


^2r ; :o 

t)XM, = o 


ISx- 9 - V = O 
V = ISx - 9 


*^xX|) + 9 (x-O.Hs'i 

4 H - O 


M - 7 .Sx* - ?X + 4.05- ^ o 


At O* 
t) b 8 


V -- 18 fcN 
M - IZ./S kV.m 


Dse +° CulcoH- th 

He she«r a.nal mot^ed. 



PROBLEM 5.20 


3 kips 

3 laps 

1 

■i l ■■ 



v (it;.*) 

I jit 


- 1. 8 


3> 

- 1.2 


M (<4*+ 

i * 0.1 


-U?S 


5.19 and 5.20 Assuming the upward reaction of the ground to be uniformly 
distributed, draw the shear and bending-moment diagrams for the beam AB and 
determine the maximum value (a) of the shear, ( b ) of the bending moment. 


SOLUTION 

Ovcy* 1^4 wii o?e beet** 

+t = o i.s w - 3 - a - o 

w - 0. 8 k.y/ft 


A C C> < x, * i.s -ft 

*tZFy - o o. 8 x - V = o 

JTTTI V - 0.8 x 

( u x -Jr v 

''o.ji£ r /h. 

-(o.8*X$'') + M * o 

M -- 0.4 ** 

WC V* \.3 W,>, ) M «■ 0.^ k,p-ff 


C b> 0 l.sft * X * Cft 

. i 3 » drR * o 

jTffTTTTTn ., o.g y - 3 - v = o 

x * V V -- O. Sy. - 3 

-Co. s x)(t) + 3(x- /.r)i- m • c> 
M - 0 . 4 x s - 3 x + ‘t.S* 

M +U evde* - «f +ke te«i>w x - 3.7S "FV 

V 1 O, M * - !./«• k,' f -ft 

At C* V 1 -1.8 k.p M * 0. 9 k.'f, ff 

Iv I * I.B k'ps 

Cb) |Mt- I. I 2 S k.p -H —I 



PROBLEM 5.21 


5.21 For the beam and loading shown, determine the maximum normal stress on a 
transverse section at C. 



SOLUTION 

C B ecs a b otky 

QZM. = o 


- M f (zz)(s*&)(u) - o 

H- 7.24 « 10 s N-*> 

S e cA~! o/i wo do jot £>r 

S - i b V) 1 

- ;» (>oo')(soo') t = £C6.7 *I 0 3 

WorwA>? stress 


- C66.7*/C>“* m J 


tA 


<^ir- 


S * 10.8? MPa. 


PROBLEM 5.22 

7501b 7501b 


5.22 For the beam and loading shown, determine the maximum normal stress on a 
transverse section at the center of the beam 




I isotb/ft 

L / 



& 

m 


3 in. 


I— 4 fi 


h-4fi 


\CSO 


V* 


SOLUTION 

RecccA io*\ S * C ~ A by sy •v\v^e."t»^ 

4 1 Z ^ - O A + C - (2X7ro^-(fc*)(lSo> - O 

A- C r IGSO K. 

L)se -PeT4 GiS. £ree booty 


t) ZM e = o 

-0C5b)(C) + (7So)(z) + (l5b)(6)C3) + M = O 

M = 5 700 it .-ft -- Sg.Vx/O 3 " ’ 


>• JtO 


Sect" I* OKA WO do £oS 

UorpKoJ? stress 


S - ±bh 2 * (^XsXwf - 73 in 3 


, ^ <>*£*!£ , 9^0 


7a 





PROBLEM 5.23 


30 kN 50 kN 50 kN 30 kN 


5.23 For the beam and loading shown, determine the maximum normal stress on 
section a-a 


SOLUTION 


l j, W 250 X 67 i«** I By A = "B 


it/ & 1 




A - 8 r go if U 


5 ® 0 . 8 m = 4 m- 


,3ft i-? 0 


i V' 


I Using .PePf hc*ff df be avu os bddy 

t)£ = O 

- 6<>)(«0 4 + 4 M * o 

K* kM-m = 10 H*/o 4 NN* 


Fpp W 2So*C7 


S * £09 x lo* 

= 809 y lo*‘ v^ 3 


No^^J s+ress <S * r ^ 7 ^ * \ZS.C^lo i P* ^ 13 'g.c MP*. 


PROBLEM 5.24 


5.24 For the beam and loading shown, determine the maximum normal stress due to 
bending on a transverse section at C. 


30 kips 30 kips 


ctDt E 


!.5 ft. I i'ft. 



A i— ]c 


„ l«t y 

S(..%S V 


SOLUTION 

(i kips/ it 

T~ | | wis x 76 Use sn'KVe 'bcaw, as -£/ee 'tody 
111 = o 

_ 7 . 5 ft.-j" - "\5 A * OZSYBO') 4-(lo)(3o) 4 (6X7.^K’3.75 ) = O 

A ~ SG • 2S kips 

ft. 

Usfi potion Ac AS -PV*£ boal^ 

t) 5 M c =0 4 M * o 

0 € to d 1 to g rvioionCni A 4 C M • IH'O.GT.S ktp Fi 

- \6&7. $ 0. 


Fo^ WIS*7S S- I *f 6 ir* 

iirev, <s - r l6 | ^" 5 ~ 


II.SG ks'i 





PROBLEM 5.25 


5.25 and 5.26 For the beam and loading shown, determine the maximum normal 
stress on a transverse section at C. 


25 25 10 10 10 
kN kN IcN fcN kN 

|c Id |e If Ig 


-6 @ 0.375 m = 2.25 m 


S200 X 27.4 


SOLUTION 

Use eivKVe beavn ccs f/ee body 

Z M B * o 

z.?s A - (uns’Y**') - (isYz?) - (i.iorttio) 

-(0*lS)(lo) -(0.37 SXlo) « O 


n 


ns v 

F or s Zoo x 27.4 


A r 47.5 kN/ 

Use po'T , 4it>v\ AC as 4Wft looely 
- (0.375- )P*7.5) + M =0 M 


M - 17.8125 kW-M 


S- 235x|o 3 m ^ 3 - 235*/o'‘m 


-4 a 


tfomat s+ress CT = |r- ~ p-f ^ ~ 75. 8 */£> 4 P« --TT.ShPa. 


PROBLEM 5.26 


3 kN/m 



J.25 and 5.26 For the beam and loading shown, determine the maximum normal 
stress on a transverse section at C. 


SOLUTION 

Use por-'t'i’o* CB as ■fV'ee body. 

£> 2 M c = o 


W310X60 


3 kU/V> I 8 W 


- M + C3X2.lKl.05'')-*- ( 1 )( 2 .\) - O 

M - - 23.4/5" 


For W3I0*€0 S - £S*J * /O 3 *** 

- SSI x /o~* 


tW,«J stress S' =- ~ = - 27 -S » lo‘ Pa 

= 27.5 MPa. 









PROBLEM 5.27 

20 kN 40 kN 



5.27 Draw the shear and bending-moment diagrams for the beam and loading shown 
and determine the maximum normal stress due to bending. 

SOLUTION 

S) H M c =* o 

Y (UCHto’i - 4 . (M.o)8 = O 

Q “ 16 kN 

W360 X 64 


1.6 m 

V (itkA 


Mi(M-m) 


2.4 m — *-U *4 

1.6 m | 

Z M a = O 


(s.cxao') -<n.o)C + (l.O(vo) 


C r 44 UN 


SV>e.a^ 

5 — f - * 

-1C 

At. C V = - 2o IcN 

C + + o I)' V - 24 AW 

D + f» B V - - 16 k W 

±ZS.6 

/\ 

Sending ►noine.it 

At C I** M t)TM, 


2) B 


h'-c 


(1-00 ’I + M . 


At D 


o e 


M =■ -32 kV-yr, 


i)IK 


I , 4 - M +0.6)66) * o 

u ‘ c H, aw 

M r 2S.C JrW-n* 


ynay iMl - 32 JcW-M * 32 * lO 3 N »> 

Totr fojied .section W 360 * 6^ $ - \030 * IO J vw»n* 

= \oZo * /o~ c **>* 

s+ress 6r * 17 31-1*1°*?* 

- 31.1 MPa. 



PROBLEM 5.28 


2 kN 



5.28 and 5.29 Draw the shear and bending-moment diagrams for the beam and 
loading shown and determine the maximum normal stress due to bending. 

SOLUTION 
t)2M c r O 

(.0.0(2} 4 (O.l) 00 + (0.4) S - O 
T B - If kN 


Sioox 


V (kM'l 


115 t)2M e =0 

(1.0 )(Z) ^(o.sKt) - (o.f)C = o 
C =• 10 kN 




A 

c s 


- 4.4 


-2 


M (kV).*'| 


'f 

X 


U « V.fe 

- 



A +o C 0 < ■/. < 0.6 m 
2kW 1 , .tkW/t" 

O 

-a - - V = o 

v v * - 2 - 9x 

t)ZMj = o 

2?x f WvXl) + M * o 

M - - 2x* - 2x 

At C M ■ -l.q? kM.y^ 


C+tt B 0.4 rr\ < x < \.0 m 

. nuinfliui j 4, ^-° 

“ “ 4 fv 


- 2 - *fx f JO - V - O 
V - S-¥x 

-2x +(Hx)(£)- (lo)(x- o.i) 
4 M » O 


M - - 2** + 8x - S 
waxlM)* 1. 92 kN-w = |.9*>«/o s W-w 

Fo*- *oJI*4 sleej seziiom S loo * II. S 5 - 4?.£ * /O* Mm* 

- *A9. C x/o' c m* 

normai s-hress & - = 3 S .7 */ 0 ‘ P 3 


- 38.7 MPa 






PROBLEM 5.29 5J« and 5.29 Draw the shear and bending a;. 7 " ~ 

,h ° m mi “* max^^oST^T^ aS; 1 — and 

Inn.. ■ .IE !_■ 


125 laps 125 Japs 


lft' 2ft 


•6ft 


2ft 


V (klfi) 


27. if 


2.S 


6 


SOLUTION 

Mg - O 

(u )( js) - \o c + (,8)(zs) + = 0 

312X35 C= sz.s k; r 

*) Z M c = o 

(U(2$)- (g)fcs) - (tfXW) Ho 8 : o 
£ - 22.5 k,y. 

Shear 

A 4„ C* V = -25fc; pt 

V- 27. S'*/,, 

D 4 -f® E V r P r ' 

a-*,B 

Beading rv)omew|s 

izs 

At C 


f -7S 


M D 


aM t>ZM e - o 
-VI CO(*s ) + M = O 

**' M * - 2S K.fi H 

1*5 m *_ ' 

»F-n t)?i, .o 


A4 £ 


r e = 


1 22.S 


* O 


5 ?sf n 

s - s l V + M 5 o 

M - 3o k: r - f+ 

M f -- O 


ftiftx IM 1 = ts k r ft , 

S/2 *35 roMtJ sf*f sec+io* 5 - 3^.^ 

Wo^<Ma/ S+l-ttS gr - — r ■ fVo _ ........ 

S 5*. a * 


I 


PROBLEM S.30 


5.30 Knowing that W - 3 kips, draw the shear and bending-moment diagrams for 
beam AB and determine the maximum normal stress due to bending. 

SOLUTION 

A = B 


2 lops I p 12 kips 

Cf d! £ w 


3ft 3ft 3ft ' 3ft 


M ZFj * o 


W12X16 Skear 

! T HC* 

S CMo 0“ 

D + +• £' 

EMo 8 



V }>5 


U c jo 







A-2+3-2. + 8 » O 
A c 6 * 0.5 fc/p 

V - 0.5* fc.>s 

V * - K& l6*ps 
V* • LS lfi>s 

V * -0.5 v,>$ 


At C M tJlM.'.e 

ip=j J -(S)(o.S^ + M = O 

asM4 v M* IS k.> ft 

At D 2 I M DZM 0 r o 

A clr3 1 M 6 . . 


OS 6 


0 <&(o.s ) 4 (3te )+ M r o 

f M - -3 kfp-ft* 


A4 £ M - US k.p ff ky 



IMI - 3 k.'p-ff - 3£ lap.iVi 

For rotJed steef section W IK* 


sfrcss 


. Ini . 36 


S - 17. 


2 . 1 / ks» 







PROBLEM 5.31 




30 kN 50 (c\ 


12fcN.ni 


24 kN • m 


W310 X 38.7 


1.2 m 1.2 m 1.2 m 


V (W) 




SOLUTION 
■0 = O 

- 3.G A + {Z^Yio) 4(\.Z)(So ) + ZH = a 

A - 40 

3zm a? o 

-12 *‘0-2‘)(3o') - (2.4) (So) + 2*f -f -o 

B - to kN 

SViect'/ 

A -U C V - 4o 

C + to t)~ v - 10 kN 

D* to B V - -<5*0 kbJ I 



hoow^c»o"f 



At A Hr I? l^N • M 

At B M r 2V 

A+ C V»* $>?M C =r O 

^FrFV -I* - o.?y<<o 'i 

r "iv + m - o 

^ M - CO 

A+D w ?)M,.o 

M C c F i t) ~ M + 4 (i.z )fa) 

v/ r* f ** 

v 4 d M * 71 hJ.n 



tow IH I = 72 kW* K ,-72 */o J A/- *> 

For r °^ ee( ®l ee ^ * **+<<>» W 310 X 38.7 S = s^^lo 3 mS 

- ^ */o-‘ ** 

Nor*«J stress r -2^ X< ° S _ . *n 

5 5H<r*fo- c ' !3U*/o P* r 131.1 MPa 





PROBLEM 5.32 
9 kN/m 


M (tW-hv'l 


I 


T 

Bn 

30 kN • m 

fs 



1 2 m 

2 m 

2m « 


W200 X 22.5 



5.31 tnd5.32 Draw the shear and bending-moment diagrams for the 
loading shown and determine the maximum normal stress due to bending 

SOLUTION 

+)2M g =o 

- £ A + + 3o = O 

A - 20 If M 

O Z M, - O 

-IWOO'I + 36 V SB : o 

B - -2 ItN t.e 2 ifW i 

A -to c 


0< x < 2 


in 



kU/M 

mi 


^ 4tZF a =o 


V 

V - 2 o- 4 x 


ipkv V 


-2 Ox + [9x)$ + M = C 
M * 2ox - 


A+ C 
A+ D' 


V= 2 M 


M- XX VW-w 


A 


18 ^ 


+1 TFj, r o 


4i h 


2oWJ 




2o -19 - V = o 

y ■= 2 ktJ 


M D + 

r u 

Cf=i* 

V p X 

1 M \ - XC VN* = Z6*lo 3 N-m 
Fox siejJ^ sedio* W Zoo* ZX.S 


™ S)ZM C ^ o 

- ti)(ao) i (3 Xu)* Ml 
M = 26 MW-m 


+t Z r y = o v - x * 

V r 2 H; 

5zm c = o 

- M - (xXx'j * o 

M “ - 4 m 


S “ 134 * lo ' 1 min* 

~ 134 x IO‘ C »\ 3 


beam and 


- O 


2 


« O 


o 


H.r« J 5 W 6 = H1: 

$ }94 *10'* 


t34.o*/o c P* - 134.0 Mfia. 







PROBLEM 5.33 





-27. V 


5.33 Determine (a) the distance a for which the maximum absolute value of the 
bending moment in the beam is as small as possible, (b) the corresponding maximum 
normal stress due to bending. 

(Hint: Draw the bending-moment diagram and then equate the absolute values of the 
largest positive and negative bending moments obtained.) 


X 

W360 X 64 


SOLUTION 


ion af 8 5T M c * o 

20 a - (ZQXw*) 4 (*f.o)8 » o 

B * M - S a 


Bend; mo* e*-f cct D 


u HE 


tP’I M D = O 
- M 4- 1.6 8 = O 

M 0 “ IX B 38-4 - 8a 


tootoe^T a+ C 

1 J 20 a + M = o 

**■ a “1 v M c = - a. 

- M c * M 0 

- 8a 

cl “ 1-37 14 no 


M c " W‘to 


27. W kw-to 


F©r (V 3CO x £*/ i*>PPtd 


5= I03ox/o s toto 5 
= |o3o * /o -t to' 




XoSovio-*’ ~ Pr r MPa ^ 





PROBLEM 5.34 

500 kN 500 kN 




5.34 For the beam and loading shown, determine (a) the distance a for which the 
maximum absolute value of the bending moment m the beam is as small as possible, 
( b ) the corresponding maximum normal stress due to bending. (See hint of Prob 
5.33.) 

SOLUTION 

18m m Reach'©* ©-+ A X = O 

~~ -ho, +(5oo)(a- 0.5*) - 5oo(l - cl) = o 
A a r 1000 a ~ 7 So 
A * jooo- ££ 

Bend/ng ai C = o 




10 


Me 




~(0.s H/OOO-lg?) 4 M c - O 
H- T 500 - ^ 

|flOO-tj££ 

i ai "D i)ZM 0 - o 
- Mj> - (Soo )( |- a.1 = O 
M 0 - “ Soo (I- a.) 


M, 


C 


(I 


-<X> 


j Soo 

1 




- M 0 -- M c 


50o (l-o.) s Soo - — 

a SCCOS m s 864.03 »> m 

He* CG.1W H„ kU-iv, 

For rich* jo Vw cross se^h'o^ S-jbfo 3 = £ (W)(l8') 3 lUGVs/O*** 

= I /.66V >//0- c ** 


A - |33. <n k/v 


Norm*)? 


e- _ iHil 66.V& S*lo* _ ,_ t o 

C ' — = Tl-«V»/o- = 5.7V wo‘ fit 

s 5.7V HPo. 







PROBLEM 5.35 


5.35 Determine ( a ) the magnitude of the counterweight W for which the maximum 
absolute value of the bending moment m the beam is as small as possible, (b) the 
corresponding maximum normal stress due to bending. (See hint of Prob. 5.33.) 



SOLUTION 

+ 1 1 R, = a 


A = 8 

+ 8 - o 

- 


d C 5 I M t 1 O 




a 




x a 


Vv 


— (3)(£- + M c - o 

M c - C - I.STf 



%> » o 

-<«)(*-£) *(•>&> 

+ M 0 * o 

M 0 - 6-3V 


- M d - M c 

3W - e ^ C-/.4TV W= CC7 tops 

M c r 2.o top -Ff H p - - *.0 top 4* 

m*y iMl - to k; p .ff ^ *0.>m 

For W 12*IG vofltM steef scditi* / 7.1 in* 

NormpJ $+<«$* C * = j. 404 l(5l 







PROBLEM 5.36 


5.36 For the beam and loading shown, determine (a) the distance a for which the 
maximum absolute value of the bending moment in the beam is as small as possible 
(A) the corresponding maximum normal stress due to bending. (See hint ofProb.5.33).’ 



SOLUTION 

(XSa -O-S'XM') - (*.7)6.0 + (3.0 6 
B - I:**- 0.X11ZZ a 


= o 


H B = 0 

) - 3.6 C H*. /)(/.«) ■* (O.^)O.O 
C - t.t v o.gaa***. 


vtOoroe^'i fljf C 

& 


itf* 

' 

0.% 

> 

1 


*- a -# 
Ify 


A 


VZM^ * o 

fC0.8)(a) = o 

1% = - 0.2 o. 



2"M 0 = o 

-t-(p.2XA+'.5‘) - ISC = O 

M 0 * \.s - o.'t&ta a. 


BeU mo »*«*»'{ $,4 E 


Asst) me ~ - Mg 

- 1.00 8 fcp.-ft- 


M c =* o 

- 4 

Mg 


0.3 a. - t.flfi - .0.2 a 
M e = U oo2 top ft 



o.<? 0 - o 
l. 26 - 0.2 a 


a = I.ZS 
M*- o.<?/2 


44 


roftx |H) ~ l.oos k«‘pft 
F©/* rolteA srfeeJ section S 

No'Avvia.J? jrfress - 

<S 


* i2 .o^e k/p-M 

2»sn S - /. 6* 
„ I3.Q9& 


. i 


7.20 fesi 









PROBLEM 5.37 


5.37 and 5.38 Draw the shear and bending-moment diagrams for the beam and 
loading shown and determine the maximum normal stress due to bending 


300 N 



300 fj 20 mm SOLUTION 

IJjL £:FSH 

H 30mm H4 Mg * O 

4o Vunjt. 

-O 




360 
M 


Vfc 


(») 


25 S 
127 


-43 


51. C 


1 1 87 


-2U 


-3¥2 


«M.7 



-25.3 


Soo 3oo U4.C7 

f— ‘ ° f 

5 S 2 f £ 

■to I 


ff' 


O.C H - (0.2 ),6+o' -C0A>)C&od) ■= O 

M * Zl 3.35 

<tTFj - 0 V*-¥0-3oo * *13.33 - O 

V, - 12C • C7 N 

: Skcatrt £ 4-o F V - 176. 67 W*vn 

F 4© G V ■* 86.67 V-M 

G -h> H V r -*13.33 N- vn 

E = O 

vzq j m f -co.2)Cik.c 7) * o 

t Mr “ ZS. 33 N-w 

UC*7 TV 

0.4 G 

-&IM. » o 

r f crq - M* * (0.ZX2I3.33) - o 

] f M tt - ^2^7 N-m 

ai?.3« 

Fr«e fcodj ABODE 

M 0 = O ~0.6 A -v(0.4 )(3<>o) *(0.2)(3oo) 

- CO.aKI7C.CI’) = O 
A * 257. 73 

-lO.jOteoo'l -(C>.<0(30©) - (0. 3 )(/2 6.67 ) 
+ 0.6 D - O 
t) - 46*. 8<? N 




257.74 V 


300 

Upll-S 

l 


isi.n 


213.33 



BoJiaa VHoiMCWf 8 

OlM 6 : t> 

-0.2^257.73) r^rO 
M* * 51.56 W-* 

+?lM e -.D 
-(0.4)0*57.7*) +0.2K3OO) 

4 M c s O 
M c - 43.1/ 

BeftWivu motnwrf D 
0?M. * 6 
- M*-(o.a)(a/3.33)*= o 
Mp* - 25.33 N*K) 


Wax lM - St. SC W-m 

S -- £U 4 * *(»W 

= 3 *10* w,M J = 3»/0'‘m 3 

Noffti u.1 siress 

S ■ -^~z - n.rt */o‘ P« 
3x10 = 17. If MPa. 









PROBLEM 5.38 


5.37 and 5.38 Draw the shear and bending-moment diagrams for the beam and 
loading shown and determine the maximum normal stress due to bending 


4.S kids/'ll 


Hinge ^ 


32 kips 
C fD 

- in. " ~ 

llili I k 

* 1 

* 5 ft ’ r 5ft 


W12 X 40 


V (fcfO 


1 - 38 .* 


M (top -ft) 

I _3M 


SOLUTION 

Free \oc>ely AB 2 O 

nninm* c - *a = o 

— — — 1 U iCpi 

8* w t> H* ■'= o 

A - w.8)(g)ft)- SVg o 

V 6 -- - 17. 2 


Free bo^y 8CD£ +D5IM e -C> 

f . 1 32 C\*.Z)Ot) 4 ( 4 .*V 2 VlO 

t ±» T - lo C +(53 >C5 )= O 

I A C = \C f s 

I, U +Dr\ = o 

- 131 XS') tloE = o 
f - 11. a kr.ps 

H. C O <r x < |o ff 

rMMn 

fUWW ■ • l«». a. - 4.8 x - V = o 

f— : ^ 1/- t1.2-f.8v k.: P ,. 

w T*--*-Hv i> Mj . = o r 

- i 7 .a x + W-Sx)-3 4 H = o 





m - i7.»x - ; 

M C 

X - IO 

V T 17. X - (4.2l(/o') — . 

-^.8 Kips 

At C 

X - |o 

M £ = Cm)Oo)~ (,Z‘i)(la) X 

- -48 k.p-1 

C +0 P 

V - 

2 - (4.** KM + M<*. a - 

g *; fS 

Of* £ 

V = 

— 11. ? k»’py 



at 

X) V E t t>ZM 0 

- 0 


V k 5 H n.« 


M c = 5S *,>-■#» 


wax |M| - 56 Jc*p -fH - 67J? k*p« in 

For* W ft* 4o r«Z/e<4 st«e^ jeofi'owN S - 51.^ i* 3 


Wormai stress C r -g = 


= 17. IS kit' 








PROBLEM 5.39 


C E D B 


•1.2 m 1 4 1 1.2 m >1 — 1.2 m- 





5 39 A solid steel bar has a square cross section of side b and is supported as shown, 
knowing that for steel p = 7860 kg/m 3 , detennine the dimension b of the bar for 
which the maximum normal stress due to bending is (a) 30 MPa, ( b ) 50 MPa. 

solution cjeuis /fy 

Ld" L * 4 of 

W - vr r AL Pi * 

Reac+»o^s af C D C= V> = 

8 enW of G 

ll M ^>2 M c - o 

P=P 

M 


W 




8ertd»*\^ momcn'f *,4 C€* , W of loeaw 

|L^| * S**-* 

fbv M ..st 


1 M | _ WL . fa 'L'fifj 

m«* l M 1 - “yp - 

For a. see+iow s«*b 3 

at - IMl 

3+r«SS O 5 -JT" T 

SoJ?\/e -fpy* b b r 


SiJ M, . , Jjp. 


Do.+*: L - S.C \m p = 7Ko Y** 3 = ?.«/ m/s' 

Ceil S* 10*/o* ^ (W 6- * -S-OH/o 4 fc 


c«e> b* 


* S3. 3 WO- 1 ^ =■ 33.3 «*, 


/i\ \ - (3.C) (7S6o)(?«yi I - 6*. C6 * 10 * ** ? *»o*n 

tbJ b <3 Msok|cT) 



PROBLEM 5.40 



5.40 A solid steel rod of diameter d is supported as shown. Knowing that for steel y 
= 490 lb/ft 3 , determine the smallest diameter d which can be used if the normal stress 
due to bending is not to exceed 4 ksi. 

SOLUTION 

w = vr = al r - fJ 2 LY 

!?€CicfiOM cA A 
A - i W 

Be* d i*o inoine«t cA <yf 

. I* J 


A r V C ^ M ^l‘M c rO 

Fh -Mt) * (f tit) - 


M * o 


M * T - f d'LV 


Fo^ c'f'o&i sect! e* (c » 

T-TT^^ O _ I _ IT ^ 3 


F" 


T r Ir 11 c - i . _ JL j- 3 

1 ^ c > ^ e“ - T * ' JT ^ 

Stress 

m. _ £*)*L*r L a r 

S - fjr- - — 

SoLiVg -po/ 1 at d - “gT~ 

Data.: /_= 10 -ft * OiKlol = oo 

T= t'fO A/«» « -^2- r 0.283i-6 A//** 

^ - 4 Ift.' - HOOO A /in’ 

t _ (ISO) 1 (°-tS3S-C) _ , . 

d H^55 " '• oa - 1 m - 





PROBLEM 5.41 


5.41 Using the methods of Sec. 5.3, solve Prob. 5.1. 



5.1 through 5.6 Draw the shear and bending-moment diagrams for the beam and 
loading shown. 


SOLUTION 

t>XM c = o U-kP • o As — 

0 k C - ft? * o C * 

A-fA 4 M-O 

A to o < x ** a 

W = o 55 O 


- V* * <0 V* r •— 
M* - M* “ 5 0 V^ = ^ 

A+ 3* Vr A-Pr^.pr 

8 4 C a.^ x «* L 


Pba 

L. 

£3. 

L 


/- * 

W - O \ W ' O 

Vc. - v 8 - o v = - £f* 

Me - Me ■= C -£&{L-«,)B.E&fe 

M c ~ M 8 - Bfct - , o 







PROBLEM 5.42 


5.42 Using the methods of Sec. 5.3, solve Prob. 5.2. 



5.1 through 5.6 Draw the shear and bending-moment diagrams for the beam and 
loading shown. 


SOLUTION 


-AlvvvL A ~ x 

5zh a = o B L- wL-~ -o 

% - -w 

c * 
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- wx 


r v 

m - m. * 5'vjx - Co^-wvu, 


v • Jo V X 

w Lx wy z 

5 2. 


M - M„ + ^ f (Lx- 

M octuvs X - -if 

v> i? • ° 


M** M = 








PROBLEM 5.43 


5.43 Using the methods of Sec. 5 A solve Prob. 5.3. 


5.1 through 5.6 Draw the shear and bending-moment diagrams for the beam and 
loading shown. 

SOLUTION 

B 



















^ s V : O 

M - M, , ^ V .U = O 
M - M a - ^ wa l 

C-VoT> V~V c --$wd*. - - 'v [x - 0-- c*.)] 

1-+. 

V - - w [ x - (L-eOl 
H- M c - S ^ - w£x - Ci--Cc^]^ 

^ - v/[^ -' (L-Oxlii.^ 

~ - w ^ -.(L-tfc)X - Ikl^l 4 (L- ^ 

” - w [ ^ - (L- «Ox 4 

M - ^wo, 1 - w [ - (L-cJ\x 4 ] 






PROBLEM 5.47 


1.5 kN 1.2 kN 1.8 kN 



Dimensions in mm 


5.47 Using the methods of Sec. 5.3, solve Prob. 5.13. 

5.13 and 5.14 Draw the shear and bending-moment diagrams for the beam and 
loading shown, and determine the maximum absolute value (a) of the shear, ( b ) of the 
bending moment. 

SOLUTION 

i) M B = o 
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PROBLEM 5.48 


200 N 200 N 500 N 200 N 



V (rrt 



M 



M a * 37 .S A/-h* 
Me “ Ma * J+c 
H e - M c + £v/X* 
M 6 -- M 0 4 _£vj x 

Mb - H e 4 y’VJy 


5.48 Using the methods of Sec. 5.3, solve Prob. 5.14. 

5.13 and 5.14 Draw the shear and bending-moment diagrams for the beam and 
loading shown, and determine the maximum absolute value (a) of the shear, ( b ) of the 
bending moment. 

SOLUTION 

£>zm a = o 

- M» - (p.3Xaoo') - (o.S*S)0lO6) t (0. SlS'XSoo) 

- (I.O£)(XO(?-)=r O 

M a = 37.5 A/-»7 

+ t -O 

Y a - *oo - zoo +Soo -Zoo - o 
V A - too N 


Si e.o.v' 


A +o C 

V = 

loo w 


C +» D 

V * 

loo - .?oO - - 

too y 

0 +a E 

V » 

- loo -Zoo - - 

3 oo K) 

E-h>e 

V * 

- 3oo +50o - 

2oo K7 

A\c 


A+° C 

> 

* (looXo.3) 

-So KAm 

C-Lt) 

S Vdy 

* (-lOoXO.ZSs'i: 

AA*1 

D+» E 

J VAo 

® C"3ooX 0.3) r 

-?0 A/- IrVI 

E^8 

i v-tn 

- ( 2«0 )(o. 22 s) 

* MS' AA ►* 


37. 5 + 3o r 

€7 5* Mm 

QZS - 2?.S * 

Vs A/* hi 

HS - <?o = 

~ Vs A/* hi 

-4ST + - 

o 


IV l » 300 N 
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PROBLEM 5.49 


3 Idps/ft 



V (UfO 



M (k f f*) 





5.49 Using the methods of Sec. 5.&, solve Prob. 5.15. 

5.15 and 5.16 Draw the shear and bending-moment diagrams for the beam and 
loading shown, and determine the maximum absolute value (a) of the shear, ( b ) of the 
bending moment. 

SOLUTION 

05 Mc- o -e,A 4 teXis) -( 3 X so") = o 

A - ~ £ \.e. £ U 

C = si k; P s t 

V A = - e k.ps 

A+oC ft w = - Skps/ff 

V 8 - V^, 4 VJ Alt t -jjs At ' -18 KpS 

V B 4 - 6 - 18 * kfs 

Cifi V? -?i+ si - 3ok; ? i, 

Areas On Ae s sheens AiA^Stun 

A Jo C 

r- - 9e> k»p ■ft*. 

C ftt s .At - OYsoV k.p.fi 

SeiAel »noiv>e^"('^ 

M* = o 

m a + ^V^ = O - *1o * -?o 
Me = M c *SVAh r O 


M<XX\ w»Ukv Ivl r 30 fc»p$ 

lM \ - ^0 
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PROBLEM 5.50 


2 kipyft 





(- 12 ') 


M Ckif-PV') 



5.50 Using the methods of Sec. SJ, solve Prob. 5.16, 

5.15 and 5.16 Draw the shear and bending-moment diagrams for the beam and 
loading shown, and determine the maximum absolute value (a) of the shear, ( b ) of the 
bending moment. 


SOLUTION 


S Y>e<*r 
V A * O 

Vft * V* - $,* w et* » o- * -2 k;^. 

c +6 D V = - 8 k; r 

D h B V = - 8 - IS -- -33 k.pi 

Uyle^€/' 

A +o c $ =■ (itlY-s') = - /6 

CiO SvJx » (4")fs> -32 u; f ft 

D fo B S'U* ‘ --)? k; r fi 

M A = o 

M c > M» + £ V/ «ix * 0 - 16 - - 16 k. p ff 

- -16-32= 

M s - M 0 + Svdv - -f8 -?2 * -/fo k,p-H 


MecXimO*. IV I - 23 kips 
Maxi* I M 1 — 140 lo'p-ft 








PROBLEM 5.51 


240 mm 240 mm 240 mm 
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5.51 and 5.52 Draw the shear and bending-moment diagrams for the beam and 
loading shown, and determine the maximum absolute value (a) of the shear, ( b ) of the 
bending moment. 


SOLUTION 

O 2 M a = o 


±> 2M. = o 


SVieav* 

A +oC 


- 0.72 A +(0.4*Xl2o') 
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A +o C $ V <4* * (0.2Y)f)oo) » 2V W***i 
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D *H> B iVdy o)r.3U 
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PROBLEM 5.52 


5. 51 and 5. 52 Draw the shear and bending-moment diagrams for the beam and 

loading shown, and determine the maximum absolute value (a) of the shear, (b) of the 
bending moment. 
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PROBLEM 5.53 


3 kN/m 100 
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1.5 m ' l-5m 1 2.2 m 
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5.53 Using the methods of Sec. 5,5, solve Prob. 5.21. 

5.21 For the beam and loading shown, determine the maximum normal stress on a 
transverse section at C. 

SOLUTION 


■0!EM c - o 

- 3 A +O.5X10') - (1./K2.2K3) ^ o 
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PROBLEM 5.54 


750 lb 750 lb 


150 Ib/ft 


3 in. 

1I~ 


5.54 Using the methods of Sec. 5 3, solve Prob. 5.22. 

5.22 For the beam and loading shown, determine the maximum normal stress on a 
transverse section at the center of the beam 

SOLUTION 
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PROBLEM 5.55 

:30 kN 30 kN 50 kN 30 kN 


5.55 Using thid methods of Sec. 5.3, solve Prob. 5.23. 

5.23 For the beam and loading shown, determine the maximum normal stress on 
section a-a. 


i/, W250 x 67 

Hi *r° 
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C A. O s VAy * (vS’o)Co.S') * Vo /«/•*, 

Ti +* : E S = e> 

Mo M€*'ts 

M a = o 

Me = o + £</ * 6V kil-M 

M 0 - 6V + */o - )64 

H* = |o4 *a - /o'/ IoJ-m 

M, * I O*/ ku- - (o'/x/o 3 N m 
F» w 2r»*67 S* 8o<? * lo 3 * M 3 - goix/o' 4 * 3 
No^«J dvws 6- * - 128.6 x/O^P^r 128.6 Mfiet 
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PROBLEM 5.56 


30 kips -30 kips 


5.56 Using the methods of Sec. 53, solve Prob. 5.24. 

5.24 For the beam and loading shown, determine the maximum normal stress due to 
bending on a transverse section at C. 


6 kips/it 


W18X76 


2.5 ft. 2.5 ft. 

— 2.5 ft. 
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-IS A -V (I2.S KJol 4 (lo x&) -*(eX7.s)^.7s') - O 
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S Vi e.Q.tf' A "K> C. ^ r S4>* 2.-S leys 

Are* A'4oC_ 5 V Jv » tS£A*)Us) 

- Ho. Gar ky ‘■ft 

K1 a r. © 

M c - 0 4 r iHo^as k<y--ft - \c%"?.s ky-iV. 

Pe>r W 13*76 rojieel ste^ie#w 3= in 

KJoirmA/f -s4fes s 6" T ^r“ r " f — - w.54 i^s»» ^ 













PROBLEM 5.59 


w = U' 0 (x/L) 1 ' 


p 


r 


u 

- 


— 



‘^,^ UatI0M 0f the md bOKtoS-moment curves for the given 

beam and loadrng, (b) the maximum absolute value of the bending moment £ the 

SOLUTION 


= - ”•(?)*■ • ~~^P 

v - ~ j + c, 

L ^ v = O out X = L 

0--fw. L 4 C , C,= ^.L 

JLA 

^ = V M - C, * | w.L> - "eg* 

M.o J x,L O. Cf..t>-lrf 

M * |w.Lx - £ syp _ * w L x 

* ° L — ^ 

' M| -— « CU, i ye D |ML* 4 ^K,L X -* 




£ * V 
M * O* iJt x * L 




PROBLEM 5.60 


S.60 For the beam and loading shown, determine the equations of the shear and 
bending-moment curves and the maximum absolute value of the bending moment in 
the beam, knowing that (a) k - 1 , (b) k = 0.5. 


SOLUTION 



V = o Jt X * O 


« = Sfe* - = 11 + 10 * v 

L L 

- w - kw 0 - 

V - k**x - + C, 

o 


M 

h 

M 

(A) V 


s V = kw # x - 
* ' ’ ( 1 + inr + Ci 


r O X = O 

_ (It k H X 3 

2 " GL 


C x * O 


w 0 y — 

L 

* 

w 0 x 2 

3 L 


y - L 

W 0 X 

3 */ 0 X l 

;? 


v^y 1. 

w«x s 

H 

*fL 


, W* l V 


o<~\ M occu/5 <>4 y - L ^ — 

to *= i V . 

k/i _ w-y 1 - w.x* 

n ' if ~ HL 

V - o Jt * = f L 

A+X-fL M- *4^ -^ -» ^ » 0.0370M u/.L* 

A+ x * «- M = O 

IMU ' 



r w 
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PROBLEM 5.61 


«kN 



V (*W) 



5.61 and 5.62 Draw the shear and bending-moment diagrams for the beam and loading 
shown and determine the maximum normal stress due to bending. 

SOLUTION 


- o 

(0.3)(7 j - (j.sXS)OiO +38-0 

B - is - . a kw 

* O 

♦(I.S'KSV.14 1 * O 
C. r }1.7 kW 


W200 X 19.3 


M (IcW-m') 



JL_ -loff 
2o.7 ts-.a 


-X 


-. A 4- c V - - 7 kk! 

C.* v - - 1 ¥ 21.7 - 20.7 kw 

B V- 2o.7 - -iS’.atrW 

Locate £T wkeiM! X * ° 

36 e. r (2o.7 ’Xa} 

e • r.725 -ft 3- e * I. 275 -ft 

A ^ClS un.rle*' shec.*- 

A 4o C SvJx - (O.lX'i) - 8-1 kM-irv, 

C 4o e S^Jv -- (i'l6.73S-Y20.7') 

= 17.85375 W-IM 

E to B SvJx » (iX+/.275)(^.a') 

- - ?. 7s 375" 

H a = o 

M a - 0 - 8. I * - S. I kW.M* 

r). * - 8. I •* 17.85375 - 7-75375 kW-m 

He - 7.75 375 - 7.75375 = O 

iMl - 7.7537 5*lo 3 U-w, «d p«;vf £ 

for W 200*17.5 ro)ieA steei se<d'ie>'\ S= 167 *lo s «•>* » 167*/ o v~ 

. , IM| _ 775373-* /O 3 _ „ CWD « Pl] 

Nornoai STr**S 6f * ***T“ * j 6< i X / D -* " '* 


ol - 


MPa. 





PROBLEM 5.62 


5.61 and 5.62 Draw the shear and bending-moment diagrams for the beam and loading 
shown and determine the maximum normal stress due to bending. 


- 16 IrN/m 



S150 X 18.6 


V (utA 


S> C 


M 


2. $2 


SOLUTION 
+D2M b = O 

- A + (.ns)0-s)Ot) - o 
A - It. 8 kw 
= o 

-(e.7 S’)(US)C\t') +2.5-8 - o 
B - 7. 2 kM 


Slneair. 


V, = 

U.S lei/ 



Vc = 

It. 8 - (l.ffXlt) - 

-7.X kN/ 

v a = 

-7.2 ku 



t+wcof e 

D w 

v - 

o 

6 

\c.% 

. I.S’-ef 

7.X 

24d = 

%CA 

d- 

l.04> m 

1.5- - J 

- O.H& * 


! A re*s OfiJer- di*^*** 

A +«. d Mi'i0.«r)(i4.8 ) * 8.8»kv-*- 

OKC £'Wx*(i/o.<»s)(-7.2) - -l-« 

C 4+. S $V.»y = OX-7. « -7.2 kw-m 

= o 

Ho - 0 + 8.82. * 8.82 kM-wo 

M c =• g.82 - IXX. * 7.2 kW- w> 

Me - 7.2 - 7-2 * e> 

1 M 1 - 8.8* la/ *+ * 8.31*10* NJ-w+ 

Fo*- S ISO < 18. 6 sleel set|ioi+ S” tfOxICPmiJ * 120*10 *h 

H or«J S+r«s g * ^ T 73.5 *10* ?« r 13.S M?* -« 





PROBLEM S.63 


5.63 and 5.64 Draw the shear and bending-moment diagrams for the beam and loading 
shown and determine the maximum normal stress due to bending. 



SOLUTION 

- 12 A + - 12. 

A - L5* 

t)ZM, = O 


= D 



- * 15 B -12-0 

B “ k.f* 

SVi^.av'I V A s )-£ Jc.’pt 

V c - IS - (€)(Z) * - 1 
C +o 8 V » - 1 kips. 



J = S-ct * 3 f/: 


M <k; r *0 



Av'eas unjes- sl^eectr 

A -W O JV.Ix r 1-MsXlS) r 3 7 S' le.p-ff 
D fa C S v -- ($)(s)(-i) - - 13 . 3 - k,y f} 
C -K. 8 ivJx ■- (*»V-«0 - -36 fc.>-tv 

vnc?*ne-'ds* Ma r ° 

M B = O + 37. S' - S7.S- Kf>F4 

M c - 37. S - i3.S ■ M 


M t = ^ - 36 = - IZ k> -ft 





< 






PROBLEM 5.64 


5.63 and 5.64 Draw the shear and bending-moment diagrams for the beam and loading 
shown and determine the maximum normal stress due to bending. 


2 kips/i’t 



W8 x 31 


V (k*p») 


SOLUTION 

= O 

-17 A + (9X40(2 'i - &)(c) ~ to 
A - 2 k.ps 

- o 

_(31(0(0 + \x t> - 0*0(0 * O 
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ie^'. 


(-2*0 


V c - £ - (.0(0 - - * 
C -K> £> V - - 9 


!pt/ 


C +o D 
D+o B 


V T - 9 + /o - € kip*. 


6- e. 


point £ \J - O 


M (k; f .#) 


e . 6-e 
8 ‘ »+ 
e - 4 ft 


t?e - 

6 -C * 3 ft 


A^€CcS di' AJ f*vn 

A+o£ $VJ* * C4XO(s) r ic k; r ft 
/ \ e+ 0 c ttYOt-t) y -** 

/ . \ C +> V S VU* *■ (£)(-0 - - **/ k/p.-ft 

\ / o i> B * «KO 5 /* 

_ i^V Be*<4Irv<^ wen*" e^'f s » - O 

Ms * O 4 16 =14 k'p fi 

^ : 1^*1 - I* k*> ft 

\\ T \7- 2<t r - n ky-ti 
Mg* -IUI 1 5 O 
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For W 8*31 P*oijfeJ 5ffc«^ section S r ?7. S’ »n 
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~ . twl . J 91 . , 

to - -g- * - 


6.98 Its I 







PROBLEM 5.65 


2.4 laps 


5 . 65 and 5. 66 Draw the shear and bending-moment diagrams for the beam and loading 
shown and determine the maximum normal stress due to bending. 

SOLUTION 




Pi +t> "E = 

q 


V (kipa) 

I i 7.8 



(3K*-‘0 - teXuXi.a) 4 W S - O 
B - vc/p*. 

* o 

0S*X2.*O 4 C00«)0.2') - 12 c - O 
c - > 0.3 k'p* 

A 4* C V * - *.«/ 
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d r 6.5 ft. |2-«» -- 5.5 -ft. 
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M 0 - O - 7.3. = - 7 2 k.f-H 

tf B r -7.7 + 25.35 * IS-'S K.f ft 
- 18. /S’ - 18.15 - O 

Ma^imOwi IM1 " 18.15 k.>.f4 - 7/7.8 *.>•."■ 


F.^ pipe C, - ^ - -f * 4 ' 


T X ~ 3.5 in 


I * ffc’-C/V *(*f«-3LS’)- S7.2© 


S - J. » 8 ’- - — 20. go m 3 

° c. *r 


sW «T* ^ « ISI = l0 - 47 *« 



PROBLEM 5.66 


5, 65 and 5. 66 Draw the shear and bending-moment diagrams for the beam and loading 
shown and determine the maximum normal stress due to bending. 


800 lb/in. 



V Ocf JU 


C.73 
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I* 1.25 «| 
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, SOLUTION 

1 j in. 

+*) 2T M g = o -SO A* (6)(ls)(8c>o) r o 
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in. 
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I 
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a 
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i 

3-75 
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2. 3 1251 
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PROBLEM 5.68 




400 mm 


600 mm 



V (JkU) 



4. *4 UVi 


- S.C. M 


Ia b 


5.67 and 5.68 Draw the shear and bending-moment diagrams for the beam and loading 
shown and determine the maximum normal stress due to bending. 

SOLUTION 


t)lM 8 r O toMR,)- CO. I )(H ) ~(0.Z)(x) = o 
^ R a - V V 

Sioox 11.5 = o (o.4)(f?«V(o -sYn)- ( r »)(z) ■= <x 

- lokw f 

v A 4© 8 o ^ ^ ^ o.H ^ 

^ M IcU/ki 
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M x * o. 4 / * *M B - I.*?* ktf. ^ 
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£ ■ £ - 
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H t o x * \ C, = V W* 
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l.<*2 kvJ- w> = 1.92. xio 1 N- *■» 


Fo^ 5 100 x ||. S rotJUA seo4 io* S* = H%6xJo ^ - HI. Gxlo vn 


6L " 


L<? * * /0 - r 32.7 xtcf Vo. = 38 J MP<*_ 
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PROBLEM 5.69 


5.69 Beam/45, oflengthL and square cross section of side a, is supported by a pivot 
at C and loaded as shown, (a) Check that the beam is in equilibrium, (b) Show that the 
maximum normal stress due to bending occurs at C and is equal to w 0 L 2 /(1.5a; 3 . 
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-fed J^oou X 
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PROBLEM 5.70 


5.70 Knowing that rod AB is in equilibrium under the loading shown, draw the shear 
and bending-moment diagrams and determine the maximum normal stress due to 
bending. 
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SOLUTION 

A \c C o* i t< & 
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M r M A + ^ V Jiy 

=* O + X^-SOx)^ 

= C.HHH x 3 - 25 X x 

A-f x- V -30 
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V\ 1M 1 r M <■ 388 U in. 
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PROBLEM 5.72 


l k.y/ff 

1000 Ill/ft 


ID El 




W10X22 


• 5.72 Beam AB supports a uiuformiy distributed load of 1000 lb/ft and two 
concentrated loads P and Q. It has been experimentally determined that the normal 
stress due to bending on the bottom edge of the lower flange of the W 10 * 22 
rolled-steel beam is +2.07 ksi at D and +0.776 ksi at E. ( a ) Draw the shear and 
bending- moment diagrams for the beam, (b) Determine the maximum normal stress 
due to bending which occurs in the beam 

SOLUTION 

Foy* WI6* Z2. roiieJ sieei* seefton S = Z3.2. in 3 

»n©me*js oA and £ M - -S €T 
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Osina portion Dfc as a ■fnee 

V* W.f/ti M 0?M,= o -M D * M. - .TV, ♦ C?.s-)(sXO 5 o 
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PROBLEM 5.73 



• S. 73 Beam AB supports a uniformly distributed load of 8 kN/m and two concentrated 
loads P and Q. It has been experimentally determined that the normal stress due to 
bending on the bottom edge of the lower flange of the W 200 *52 rolled-steel beam is 
100 MPa at D and 70 MPa at E. (a) Draw the shear and bending- moment diagrams 
for the beam. ( b ) Determine the maximum normal stress due to bending which occurs 
in the beam. 

SOLUTION 
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V c - = 1 23.756 -(0.4S*X*)- I lO.tSSKV 
V c+ r 120 .155* - 131.222. - - 11.067 kW 
V F - * -11.067 -(1.0(0 ’ -23.067 kM 
V F * r -23.067 - Ho.7. - -£3.2fi? W 
V a r - 63.276 -(0.4sX*V -fifi.**?^ 

Ar«AS 

A VC: 4MsXl23J^+|2o.)£5) = 51.8$ ki/** 

C*> F* zs.6C7 , > * -25.fi w** 

F V> B - 21.23 kiv/-* 

8tt*ol»r>^ Moment* - Ma = ° 
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PROBLEM 5.74 




• 5. 74 Beam AS supports two concentrated loads P and Q. It has been experimentally 
determined that the normal stress due to bending on the bottom edge of die beam is 
+ 15 MPa at C and +22 MPa at E. (a) Draw the shear and bending-moment diagrams 
for the beam. (6) Determine the maximum normal stress due to bending which occurs 
in the beam. 
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V, - ft + B * £? > B * 


Are<ts Dud®/- ftliea.K' di ** 

A +• D (Ci SX72?) -- 36© N * 
ObF ^©.f)ffWM V -78 N>**< 

F b» 8 t<?-i V-w ') ='*• 2SS W- m 
WW*;«v.ovv lMl - 360 N-vw 
liorwoi s£ re* S ^ T L r 


36Q 

14.4*10 


Bend, n ^ M* = o 

M„ » O + 36 o * 360 M- »»i 
M F --36©-72 * 283 N->*i 
M B r288-288* O 


— = #*/6>‘ Pa * -* 






PROBLEM 5.75 


5.75 and 5.76 For the beam and loading shown, design the cross section of the beam, 
knowing that the grade of timber used has an allowable normal stress of 12 MPa. 



0.8 m 0.8 m 0.8 m 


v (ion 



SOLUTION 
■0 2 Mp - o 

v + (o.$ )(l.C) r o 

A * ?. M ItW 

« O 

* (/.£ Y3.0 + A# D « O 

O - 3 

G>*vfroe*f sKeair end begirt*} Moment 
iMl l*»A,X 7 2 A kU*iv) r A/* * 


12 MPa - |2h/O c P« 

Mlnuur 

fo/ 7 TJTjo* * 

2 <30 mm* 


r ^OO *}ti~ C w>* 


S * i* bh* - li* » 200 * 10 ? 

h* . a, 

V\ f I 7 »n»* 










PROBLEM 5.76 


5.75 and 5.76 For the beam and loading shown, design the cross section of the beam, 
knowing that the grade of timber used has an allowable normal stress of 12 MPa. 



SOLUTION 

Rea&4 i o r\S 


A IPj 7 o 


f\ - S L/ sy wovv> c -f y-vj 

A+ B - (S-)O O) r o 

A * fc r 2S leU 


A 



5 3 /. 25" kti-m -3/. 25" WO* AA" 
$•«,* * 13 MP« - l2*/0‘ 


|ML_ 3t.7£*IO % , . -* • 

• ^~rr— * 7.t>o4*\o » 


- $1.75 leVJ-** 


<Slw 

- l.CoH v lo 6 >*>k> 



s= Hh‘ * * 3.60H Wo 4 


L 1 ; £« )<*<*« * I P* > - ,30.21 v|o 3 

' \2o 


Wnkv^ 


Vi - 3c! 


rn nn 




PROBLEM 5.77 


5.77 and 5.78 For the beam and loading shown, design the cross section of the beam, 
knowing that the grade of timber used has an allowable normal stress of 1 .75 ksi. 



SOLUTION 


iUJ 

P 1 (iVO(i-a') T 3.6 Wp* 

8 ewd I W'0**€*'*f ac-f A 

- (2)(2.£) T 7.2 = n.H 

Q - _ nc, n-, • 3 

' €um ' n? r 47 - 37 •" 
a ScfOa.i'C S - £ 

a-YFs- 

a*.-, - ^fey^r.3?) - e.c? -* 


PROBLEM 5.78 


5.77 and 5.78 For the beam and loading shown, design the cross section of the beam, 
knowing that the grade of timber used has an allowable normal stress of 1 .75 ksi. 




SOLUTION 

Co^3-f r-Oot ck. y\A bevnJtVi^ vnoi«****| C. 

«• 2.s Kp-ff 

-- 30 Icip- in 

61m - '- 1S k* 1 ' 

^ — I . 3o _ ... . „ ■ s 

" 6 lu ’ Uls * 7- 43 

S = £ bV, a = ^bOb} 1 * J- b* - 17. US 

b 3 = (3 M 

b - ?. tn„ 






PROBLEM 5.79 


3lcN/m 



b 

H K 


x79 and 5. SO For the beam and loading shown, design the cross section of the beam, 
knowing that the grade of timber used has an allowable normal stress of 12 Mpa. 

SOLUTION 


150 mm 


V(WI') 




+t)M 6 = o 

-mA 4 (o.6X3.«')Ca') - o A - 2.1 kU 

OM,’ o 

~(L»l(3.«Xa) + 3L<t8 = o ft. -8.i ku 


Shea*>: V, = 2.7 kW 

V*- P.-7 - (2.V )(*') - - 9-- S' UV 
ig.l - 3.6 VW 

V t r 3.6- (1.2X3) = O 


M (kU- !*) 






V.ocft.'ie wl»4/c V “ O 

c - 48 

ol -- 0.9 HO ?.H- d - l.s 

breeds Jnjes- curs* 

A +» D - (i)(o.9Xa.7) = i.zis 

D b> 8 ^N/Jy r (iXl.sX-9.5) * - 3.37S" 

B W C Sv*tx T 0(3.0 =r x. 16 frU. »H 

3en«lin^ iY)owA«^*ts- = O 

Mn * O 4 1.3/S r l-2>S to/-* 

Hq - l.air-3.37r - -2./* 

M t - -*.U 1-2. 14 - O 


M o.y { *V4 u ImI - 3.U kw-iv, . :?./£•< I o 3 W-w, 

13 MP* * M*JO* P«. 

S.,v ’ -g- - ^ 180.,0-V * Wo-loW 


Po^ pte^ a/* 5€c* ! fiov\ 

S- * £kOs&V‘ - l«0«/o 3 


H8 











PROBLEM 5.80 


S. 79 and 5.80 For the beam and loading shown, design the cross section of the beam, 
knowing that the grade of timber used has an allowable normal stress of 1 2 MPa. 


2.5 kN 


2.5 kN 



100 mm 

M 




v'CkKn 




SOLUTION 

By sy no J2 - C 

+ 1 Z = o B ♦ C + 2. S"+ 2. s- - (3 1(0 = o 
B = C - S.S kW 

Skee.^ - A B V = Z.S kw 
V*. * 5.5"+ &.S = 9 kW 

Vc* - 9 - (3X0 - -1 kV 

C D V - - =1 + &.S~ = - ZS k\J 

tMele"' 1 ’ ske«c^ 

A +° B SVJk = (0-6 Xa.S) r 1.5" kU-kv, 

8 4i> E = 6.75- 

E loC SvMy t - 6.75 W-h-i 

C ^ t) S V jy * - /. 5* W' M 

BetoJthj h '\o*s\e*ts M a - O 


M a * 

O -V 

1.5 » 

1.5 Jetf.*, 

Me - 

1.5 + 

6-75 T 

S.25 ^ 

Me " 

s.*5- 

6-75 - 

/- 5 

M, - 

I.S’-K 

5-0 


~ 

S.*5* 

/o‘ 


6* - \7 MP<l => tfx/o* P* 

1MU, _ g.SSVfo* 

G+jj * ttxto* 


S . * 


C87.S * lo * m'* * 687...T* /o* 


F«^ a, rectal* jo 3€csho*i 
QZl.G*(o 2 - f^(ioo') K* 


S* ± Wi* 


(€V487.^x<o J ) 
h loo ~ 

h - 7.0 S »»itvk 


W.flSx/o* 







5.81 and 5.82 Knowing that the allowable normal stress for the steel used is 160 
MPa,. select the most economical metric wide-flange beam to support the loading 
shown. 


SOLUTION 

-OX Mr = 0 


-3.C A 4.(3K*»o'1 =0 

A “ iso kKJ 


Om a = o 

3.6 E - (|. 


1 <oX 

l(*0 « 



£ - lo Vv 



Shtf^r t 

A 

V r 180 VW 




8+0 C 

V - 180 - to 

* lo 



C +> t> 

V , to - TO 

r O 



V±£ 

V - O - to 


frM 

Av'Ols tli". 

slc^ 



A 4» 

Sv«<* • 

■ C 0 .<Xl 8 o') r 

108 

ICtJ - 

B 4*. c 

S VJv 

- (o.£ K^° ) r 

5* 4 

kM- ki 

C. t«> D 

S VJ* 

- o 



0 4» E 


- « 

-ua 

ku t tw 

Be**! i««\ 

Boenoer+s 

M a = O 



m b = 

O H 108 

* foS kM * mo 



M c - 

102 4 SH 

* \ca yw.wv 



Mo - 

\G>Z + O 

- J6 2>U-v»o 



Me * 

ua- u 

a - o 




Max.Vjr, iMl- ICX VrtJ-m = 16 ^ 10 * 

6^,^ ICO MPa. -- l<o*/o‘ Pd 

5^ , OH. g - 1£*»1£L ^ l.oias * 1£>*V - |OU.5*lo s hW 




160*10 c 


5Wpe 

S 0 o 3 »~ 3 'i 

w 460* 7* 

146 o 

Vv 4lo * 6o 

\06o 

W 3Co*C4 

1030 

W 310 * 74 

1660 


Lightest vi ale 
\4/q.|C>yGO <S >&ok$/*i 




PROBLEM 5.82 


5.81 and 5.82 Knowing that the allowable normal stress for the steel used is 160 
MPa,. select the most economical metric wide -flange beam to support the loading 
shown. 



50 IcN/ni 



0.8 m 


0.8 m 


VCIttA 






SOLUTION 

- 3.dB + U-4K3 .ZXSo') = o 
B = l2o 


- 


Or M* = o UD - (o.s = o 

D - Ho kw 

V A -o 

V*- = o -Co.$)(so) * -Ho k\J 
V* + r - Ho + Uo ^ So laj 
V c = PO - C?.«ntSo> - HO UU 
V 0 - - Ho + O * - VO ArW 

uwv*f*. £ u/ker-e V “ O 

!2o e =• i<?2 
e ^ 1.6 m 2 -Y-e * 0.8 * 

Arecia - A 4® *8^ - — 16 kW-ho 

B -fo £ 5VJv*(4Vl.O(*0 r 6H W-m 

£ +® C ^ * - 14 fr */•■*> 

C 4o D S V-iy * (6.8X- V©) * -3* kl/-*o 


Lo e^4e po 

e _ g.H-e 

go Ho 



M<?AA&A’f'5 - 

Ma - ° 

m 6 - 

0-16 - 

~ A6 k'k/ * k-\ 

Me » 

-16 + 6V - 

H8 fcM-m 

M e " 

MS - 16 '- 


Mo * 

3Z - 3 3. •» 

O 


Vl«tx »«-*<-»•** lM I = Mg lell-^ * 48 Wo 1 
6^# - (60 MP*. * /4ox/o‘ 

S ... ■» Itli ^ 48 *;o » 


N- 




1 6o v IO * 


- 3ooxio c ^ - 


3oo x/o 3 , kwx, 3 


Sh<xfl£. 


W 3/0*32.7 

HIS 

W 

3o? 

W 200^3519 

3HZ 


Lf^k’fes'f wfdc 

W25»*?*.4 @ Z8.M k$/* 





PROBLEM 5.83 


24 kips 



w 3 "! .u 84 the allowabie nonnal stress for the steel used is 24 

’ the most economical wide-flange beam to support the loading shown 


SOLUTION 

OT ? o 


v 0 - * 

Vg+ X 


+OlO:y^>C^)4 05')C24) = © 

A r V.* fS| 

C * H2 k.ps 

V A “ W . 

t +S-fr)(Z 7?) r 23, 45- k» f s 

24 > -'O.-7-T.k.ys 
V t - -0.75- -ClS^O * -nawpi 
Areas u*vJe*^ sKect/' 

A 6 5v«/* *(iy«?y^+ k, P .^ 

B -k C 5 V/Jy » (itf/S X-a7r - HZ } =• -3*0.6 ff 
Bending .* _ 0 

M s t o + 320.6 = 320.6 k.'f> ft 

M t =■ 32o.fi - 3?o.6 * o 

I H 1 ~ 32 0.6 k.p ff r 3 ^ ig ^ . /« 

* 2*1 ks,' 


S-.v = 


Shape 

s C.v) 

W 30* fW 


W Z7 *2<t 

*13 

^ * |o4 


W £| * |o| 

237 

W ll * 106 



< MI _ 384X 

SJt ' 2*f 


/G0.3 i„ 3 


ki^Vi+esf -pAtfije be*** 
W 27 * 8 4 & 8H AM 





PROBLEM 5.84 


5.83 and 5.84 Knowing that the allowable normal stress for the steel used is 24 
ksi,. select the most economical wide- flange beam to support the loading shown. 


0.5 ldp/1't 



1.5 kips/ft SOLUTION 

w - o.s + * o.s ■* o.osss x 

I o 

&L , _ w s - o.s £>.ossS6 x 

Ax 

V - o - o.Sx - o. or?-?* x v r 3^ 

0 - 0.00*I3S*1 X* 

| M 1 a'f Xi* l^"W. 

ImL ‘ (o.as^OfcY’ + (a oows* 'l Os*) 3 - I3S k*p*ff ? juo k»y*i* 

£-* _ l> * <A - cy c 




SVi^pe 

5 0*0 

vni * n't 

8I.C 

W/%» 5? 

SS.* 

W|£ *57 


WIH*53 

77.% 

w \2*ia 

^7. H 

W |ov6S | 

7^7 


Lij^fcs'f WltfU -PAaJ* keetwy 

W is»So efo A /ft 


rSSawHBgar 



PROBLEM 5.85 


40 kN/in 



(lev*} 


1 

7H.2S 


ft c t> 

* - 

5.1S \ 


-7,2.75 s 


M(kN-*0 


ttMS 



5.85 and 5.86 Knowing that the allowable nonnal stress for the steel used is 160 
MPa,. select the most economical metric S- shape beam to support the loading shown. 


SOLUTION 

4t>lM 0 = <s - 3.6 A vC?.7X?s') * (0.1)0. sYlo) = o 

A - 79. ZS UW 

O 3.C D -(O.‘?X7SV(2.-?'Kl.8X‘' t 0 - o 
o - 72.75- kW 

SVtar-- A +»B V - 7 9 AS kW 

B +0 C V = 74.25 -75 » - G.7S kw 

V„ - -- -72.75. kKJ 

Areft-s 

A B =■ (0.^74.25) ~ €6.825 kU-M 

g-BC -- (0.9 1C- 0.75V - 0.67S kKJ-vv, 

Ckl (iyi.8'y-0.75 - 72-75) - - 66. IS ktJ-w 

BenJi'nj r*\ome»i s : -o 

M s - 0 4-66.825 = 66.825kM->*> 

[Ac.- <36.85.5 - 0.675= G6./5 k*/-M 

IA 0 * C6J5 - 66.15 ' o 


iHl ' 66.825 W-M =■ G6.825*;© 1 N-wi 

■=• \60 MPa =• iCoxio , -? a . 

„ 1M| C6.82.SX/0 3 » 


' SjM 

i&o%io 

SWpe 

S (io s *»*? 

S 380 * CH 

<?7I 

S 3'0 * 47.3 

5^3 

5 250 *52. 

HSZ 


t 417.7 * 417.7 * /O 3 i***' 


S - Sec Kc, 

s 310 x 47. 3 e wt kjA* 


.4.MMWfcuv - 



PROBLEM 5.86 


5.85 and 5.86 Knowing that the allowable normal stress for the steel used is 160 
MPa, select the most economical metnc S-shape beam to support the loading shown. 


I, 


100 kN/m 


p-0.8 m- 


| 

k 1- 

\ 8 


SOLUTION 

o 0.8 A - (o.H^X/ool -0.fi Xa® V s o 
J 2S0‘ It 10 1» 

0 0.8 B - (uX *. 1 )0‘>'o'k- (i.H)(zo) = o 

g r £ OO KKJ f 

Si lea*: V A = - Z8o kU 

V B - = - 280 - (0.2)0°°) - -S&okv 
V 6 t i - S6o * 6©o ' 24° lew 
Vc. - 24° -d.oX/oo) - go kw 

A v^as u « sk ea/' 

A (i^ <:> -8V-28o-36c>') - - % 5 (, kW-M 

SXC ttXufVasotaoV aw ku*«»i 

M 6 - O - 2S(, ■* -ZSC. kW-w-i 
M c = - 2» + 2f6 * O 

Ma.xi k'UM 

“ 1 60 MPa. - 160* /O* Pa. 

e* __ 25 " 6*|0 _ 1 r . 4 - 1 r . 


-gj” I.Gv/o- s k s = I coo wo 


S 3 
> 


SVvApt 

SClo 1 

S SIO * 9S.S 

1^0 

5 *Ut>* |o<f 

\685 


Loktev} S- SCc+»*<** 
S5/0 * *?S.S 


,j.n’imilfilWil 1^ 





PROBLEM 5.87 


5.87 and 5.88 Knowing that the allowable normal stress for the steel used is 24 
ksi,. select the most economical S-shape beam to support the loading shown. 






SOLUTION 

+5 ^ - O -I2A 4 (cftCDCs'l ° 

A " 9 

O2M a =0 IIC - C&Ccy&'XtsXi*) -- O 

C ~ 71 kif% 

SVldtftw' • V A r k.pa 

8 f o C V = 3 - (6K*n * - 1 c.- f c 

C *D V = - + 27 - 18 Kps 


A\ac«-* • 


A E 
E +. 3 
B +* C 
C *h> T> 


* 13.5 k.p-Ff 

(iX 3 X-f) * - 13.5 Kp*ff 
(CX-*}* -54 k>> -ft 
(3)00 - 54 frp.*t 


i 


v*o>r\e*i s T 

M 

A = 

o 

Me 

= o -t 

13.5 

s 

■ 13.5 fc.> 

M 6 

s 13.5 

- 13. 

5 

- o 

Me 

^ O + 

5H 

T 

54 k.pft 

Mo 

^ 54 - 

54 

r 



f* 


|M| * 5^ k.p -ft 7 £4? k'p i^ 

6 ji * M k*> 

S - 


£2£ . • a 

2^ - /7m 


SUape 

SO-*') 

5 12x31.9 

36.4 

5 1^x35 

M.H 


S I2.*3f. S 



PROBLEM 5.88 


5.87 and 5.88 Knowing that the allowable normal stress for the steel used is 24 
ksi,. select the most economical S-shape beam to support the loading shown. 





4$ laps 48 laps 



2ft 2ft 

V OupO 


e c 

-48 


$ 

-38.4 




\<\A < 
8 /C 


t> £ 


SOLUTION 

4lM E = o 8+(lK«H«K4g) « O 

B ? \os.c kt*fs 

+ 2M 6 *o (:?)(«*) - 000*8) -(sX48) *»■ Jo £ * o 

£ " 38.4 k.ps 

SViear-t A Vd 8 V - - 4g 

B +o C V*-H* + |0S\C “ £7. C 
C -Vo t> V = 67.6 - 49 r 9. £ 4c;p* 
D +<* £ V- 9.6-4* r -38.9 W»*p« 

A^eas • A 4o U «X-48) c -96 kc p .ft 
c 0?XS7.0 r n£.2 

C +o t> (6X9.0 * £”7.6 Wp-ft 

D 9v £ (4)6 9M) ^ 76. g k.p f4 

M ^ *0-96 *• - 96 ✓ *»>• 4+ 

H c * hit.* - n.3 k.yft 

M 0 - 19.3,4 $7.* r 76.g |ftp4t 
Me * 76.8 - 76. g “ O 

McoaW** iMl- 96 V. p *-tH = 116 X Uk'f.'v* 


G*// * 24 

c - iHL 
r 


9* ,V 


Stape 

s 6V) 

S j£T* 43.9 

£9.6 

£ £o 

£o» 8 


Li^kiesi S -afi+jloJ be*u 
S IS x 42. 9 




PROBLEM 5.89 


20 kN 20 

1 | 

kN 20 

IcN 

1 

L 

C 

L 



■ 4 @ 0.675 m = 2.7 m 


5.89 Two metric rolled-steel channels are to be welded along their edges and used to 
support the loading shown. Knowing that the allowable normal stress for the steel used 
is 150 MPa , determine the most economical channels that can be used. 


SOLUTION 

A = £ 

A * Z - 20 - Zo-Zo * & 

A r £ r 30 


/ (kvfl 




S Vie cur : A -h> 8 

8+o £ 

C 4o t> 

D*** £ 


V - ku 

y ? 3o - Zo - lo 10J 

V r 10 - 2o «■ -|o kw 

V--ic>-2o * - 3o kW 


A B 
B C 




A i 8 (0.<7SX*rt r ^0.25 

B 4o c r 6-75 

C 4o ti (0.47S‘X- | °') r “6.75 kU.*» 

J) ^ g (O. C75’)(-3 o) r -70.25 M* t* 


roe>» y '<^‘+'5 


A \T J Me r O 4 50. 25 - j?o. 25 

/ \ - Zo.ZS + 6.75 - 27 irM« ^ 

/ \ \\>? 27~ 6.?f - 2©-X5 ^7- 

A £ C P E M e - ?0.2S- 2o. 2$ = O 

IMW *7VvAv* - 27*/o 3 hJ*^ 

6^ r 150 KPo. * 150/ lo‘ ?a 

P<jr a. see/tio* cowsiS+in^ o? ^ 

<• = JLtli - 27-»iO? - |go*/o" C m a = 180*10*** 

° Ww 150 x to* 

Far took cViay.n.J' (kX**"!'?) = ?©««>* 


Lt^K’fcs'f ckio «e^ 5 ed\*ov» 

C ISO* IM.6 


Sliape. 

S C /O 3 ) 

C 1SOX/4.G 

I** 

C lSto«MT3 

93. C 



PROBLEM 5.90 


5.90 Two metric rolled-steel channels are to be welded back to back and used to 
support the loading shown. Knowing that the allowable normal stress for the steel used 
is 1 90 MPa , determine the most economical channels that can be used. 



-3. cA +(i,7)(7S> + (o/OO-SK**®) = o 
A * 7*f. ZS kw 

3.6 D s & 

£> * 12. 75 kw 


V (W) 



ABC t> 


Fo'T 

For e.o^X cVctweJ 


: A ^ B V * 7¥. IS kv 
B To C V - 7H. IS - 75 * - 0.75- kV 
V* * - 6.75 - (l.gX<*©'> r - 73. 75- kM 

Are** : A B ) - se.tfzr kKA ** 

B To C (0.9 K- 0.75“ “) •" ~ <7.675“ 

c f. t> (iKi. 8 V- 0.75- 7*. 75) ~ - 66. IS 

• M a = c> 

M a - 64 66.835 * 66.835 W* m* 

66.8*5- 0.675 r 66.15 kU* ^ 

No - 66.15 - 66. /5 * o 

M <xx i rw U i*'! lM I - C6.m lew T G6.8 3SW AAm 


6j, - ISO MPa. r 1 90 x/o‘ Pa 



■Stf/.V */o"‘ 
ZSI.7* lo* m-i* 


S M ;. 1.7*10*)* ns.ixia 1 «« J 



ki'jl'ftlt' olvannt^ sec.li 
C Z3o *« 






VCM 


5.91 Two L 4 x 3 rolled-steel angles are bolted together to support the loading shown. 
PROBLEM 5.91 Knowing that the allowable normal stress for the steel used is 24 ksi, determine the 

minimum angle thickness that can be used. 

, Lt , 20( jj )lb SOLUTION 

:300 Ib/ft I 

i | I | | j~ ~| I* ‘‘l By Sy*m->e4'/‘y A - C 

'J***£3m*' flll> ^fc E Wli. + Zfj = o A * C - 2ooo - = O 

is 4m ' ^ c it. 

— 3ft 4— 3ft— -I SUc^: V A * 1.^ k.> 

V*- ='■ HOO - (3X300 'is idoOxft 5 | k.p 

Vg* * \00 0 - Zooo r - |dOO A* - I l(»> 

O v c a - Jooo - (3>(3oo^ - - r - 1*^ *<''p 

a c 

S ., 0 LZ A4*B (^(3)0.1 ♦!> 4.3* Ki>.-Pf 

B ^ C (£XsX-i- L^) * -<*.^5- *#•«. 

N (kp 4t) mowers* =■ O 

H & = O * V. S3* ^ *t.$S ktp h 

s' 1 n. M c * ^sr-v-ar * o 

t__ 1 \Aax»**v>»* /M I r Icktffy “ S7.X k»p*-/rj 

? c 

Sjc s *« ksi 

Rv- 5<6«4t'c*i CongiWcn^ of 4wo cutlet S*; n r ? r 2.175" iw S 

Wo/* 6«u>^» An«j &> S„;. » (iY*-'?*") • 1.0 875" .'o'* 

A^.ie s«^t<«>« S 6*'^ 

- Sw>^f/est nes^ 

L M>3 » ± 1.81 3 
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PROBLEM 5.92 

500 lb 500 lb 
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5.92 A steel pipe of 4-in. diameter is to support the loading shown. Knowing that the 

stock of pipes available have thicknesses varying from ^ in. to 1 in. in g" * in. 
increments, and that the allowable normal stress for the steel used is 24 ksi, determine 
the minimum wall thickness t that can be used. 

SOLUTION 
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PROBLEM 5.93 


Total loud = 2 MN 


5.93 Assuming the upward reaction of the ground to be uniformly distributed and 
knowing that the allowable normal stress for the steel used is 1 70 MPa, select the most 
economical metric wide-flange beam to support the loading shown.. 
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PROBLEM 5.94 


5.94 Assuming the upward reaction of the ground to be uniformly distributed and 
Knowing that the allowable normal stress for the steel used is 24 ksi, select the most 
economical S-shape beam to support the loading shown. 
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PROBLEM 5.95 


shown, knowing that the MPa hi** ***” loading 

in compression. Lress ls MPa m tension and - 1 40 MPa 




SOLUTION 
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PROBLEM 5.96 


5.95 and 5.96 Determine the largest permissible value of P for the beam and loading 
shown, knowing that the allowable normal stress is +80 MPa in tension and - 140 MPa 
in compression 
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PROBLEM 5.97 


5.97 Determine the largest permissible uniformly distributed load w for the beam 
shown, knowing that the allowable normal stress is +12 ksi in tension and - 19,5 ksi 
in compression. 
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PROBLEM 5.98 
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5.97 Determine the largest permissible uniformly distributed load w for the beam 
shown, knowing that the allowable normal stress is +12 ksi in tension and - 19 5 ksi 
in compression. ’ 


5. 99 Solve Prob. 5.97, assuming that the cross section of the beam is reversed, with the 
flange of the beam resting on the supports at B and C. 

, 2 ^ .3-in. 
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PROBLEM 5.99 


5.99 Beams AB, BC, and CD have the cross section shown and are pin-connected at B 
and C. Knowing that the allowable normal stress is +1 10 MPa in tension and - 150 
MPa in compression, determine (a) the largest permissible value of w if beam BC is not 
to be overstressed, (b) the corresponding maximum distance a for which the cantilever 
beams AB and CD are not overstressed. 
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PROBLEM 5.100 


5.100 Beams AB, BC, and CD have the cross section shown and are pin-connected at 
B and C. Knowing that the allowable normal stress is +110 MPa in tension and - 1 50 
MPa in compression, determine (a) the largest permissible value of P if beamSC is not 
to be overstressed, (b) the corresponding maximum distance a for which the cantilever 
beams AB and CD are not overstressed 
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PROBLEM 5.101 




5.101 Each of the three rolled-steel beams shown (numbered 1, 2, and 3) is to carry a 
64-kip load uniformly distributed over the beam. Each of these beams has a 1 2 -ft span 
and is to be supported by the two 24-ft rolled-steel girders AC and BD. Knowing that 
the allowable normal stress for the steel used is 24 ksi, select (a) the most economical 
S-shape for the three beams, (6) the most economical W-shape for the two girders. 


SOLUTION 

Beav^s ' , Z J o.»<* 3 

S.zi 


12 


33, k' (»* 


f* V (k»>0 
" k • 3* 


-6f+ -J 


S “'“ r <s^ ' m 

(.*) Use. S IS* 

AC a*A 0 C 

.3* 


r *+$ in 


Sk*pe 

SC. vi 

S li** 

S n *5o 

3*0.3 


£\kc*~S 

OOt***') • I*?* ty rt 
Cs)Cu ) r ns k: e ft 


nyn sL-’g 


4 hs 




M * lia ♦ 128 * 320 k f kp-W. 




-48 

3ZO 


|KI . 

3S^o 


2H 

>e 

SOnO 

* 


*g¥ 

213 

*|o*f 

Z5S 

* lol 

2Z1 

x (66 

?o 4 


(b) Dm W27-34 







PROBLEM 5.102 


5. 101 Each of the three rolled-steel beams shown (numbered 1 , 2, and 3) is to carry a 
64-ldp load uniformly distributed over the beam. Each of these beams has a 1 2-ft span 
and is to be supported by the two 24-ft rolled-steel girders AC and BD. Knowing that 
the allowable normal stress for the steel used is 24 ksi, select ( a ) the most economical 
S-shape for the three beams, (b) the most economical W-shape for the two girders. 

5. 102 Solve Prob. 5. 101 , assuming that the 64-kip distributed loads are replaced by 64- 
kip concentrated loads applied at the midpoints of the three beams. 
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PROBLEM 5.103 
240 fcN 


W310 X 74 



S. 103 A 240-kN load is to be supported at the center of the 5-m span shown. Knowing 
that the allowable normal stress for the steel used is 165 MPa, determine (a) the 
smallest allowable length l of beam CD if the W 310 * 74 beam AB is not to be 
overstressed, (b) the W shape which should be used for beam CD. Neglect the weight 
of both beams. 
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PROBLEM 5.105 
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*5.105 A bridge of length L * 48 ft is to be built on & secondary road whose access to 
trucks is limited to two-axle vehicles of medium weight. It will consist of a concrete 
slab and of simply supported steel beams with an ultimate strength a v - 60 ksi. The 
combined weight of the slab and beams can be approximated by a uniformly distributed 
load w = 0.75 kip/ft cm each beam. For the purpose of the design, it is assumed that a 
track with axles located at a distance a = 14 ft from each other will be driven across the 
bridge and that the resulting concentrated loads P, and P 2 exerted on each beam could 
be as large as 24 kips and 6 kips, respectively. Determine the most economical wide- 
flange shape for the beams, using LRFD with the load factors y D ~ l 25, y L ~ 1 .75 and 
the resistance factor 0 = 0.9. [Hint. It can be shown that the maximum value of \M L | 
occurs under the larger load when that load is located to the left of the center of the 
beam at a distance equal to aP 2 /2{P l + P } ).] 

SOLUTION 


OeuA JW : R a - T? e = (j)(to)(o.7S } = IS Jc.ps 

A*Je>£ of slie*/' (iY<8Y/8) r 2!£ Jty-H 


* ZSH kp . ii*. 


ki i/t foQLtA • 


u 


_ 


(xXs*') 


x = -j-o =■ = Z7X f4 

X + CK - 22. £ +• H -3 

L-X-*. - 48- 3 C.C = II. 4 ft. 




- 1.4 ff 


E 


ZM a -o -qg 4.(ar.*06N) r o 

1? A * /4. \7S Vlf 


SW: A^C 

C O V: PLUS’- *Y -- - 9.275" Ju’p, 
DfeS V - -\S.S7S k.-ps 


Ar<a A C 0t?.CXW.US , 4 “ 3H. 22T k.pff 

M c r 3/7.22T kip-ft - 3 dS/ 

D€s, r : r 4 = <p 

c - ^ Mo V Vi Me _ aSS'taffWH 0. 75“ V3BSI ) 


CO.9K60) 

— 

l«M.Z !„* 



S (.V> 


w <*4 

26* 


W 27* 84 

Xi3 


W 24 x lo«f 

258 


W XI >/ol 

?n 


W 18 v lot 
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PROBLEM 5.106 



L = ¥8 
a = ft 
P, - 

P* * 6 k-p* 

W - 0.75'<Cp/f*- 


*5. 105 A bridge of length L - 48 ft is to be built on a secondary road whose access to 
trucks is limited to two-axle vehicles of medium weight. It will consist of a concrete 
slab and of simply supported steel beams with an ultimate strength a u = 60 ksi. The 
combined weight of the slab and beams can be approximated by a uniformly distributed 
load w = 0.75 kip/ft on each beam. For the purpose of the design, it is assumed that a 
truck with axles located at a distance a = 14 ft from each other will be driven across the 
bridge and that the resulting concentrated loads P, and P 2 exerted on each beam could 
be as large as 24 kips and 6 kips, respectively. Determine the most economical wide- 
flange shape for the beams, using LRFD with the load factors y D = 1 .25, y L = 1 .75 and 
the resistance factor 0 = 0.9. [Hint. It can be shown that the maximum value of \M L | 
occurs under the larger load when that load is located to the left of the center of the 
beam at a distance equal to aP 2 tl[P x + P,).] 

*5.106 Assuming that the front and rear axle loads remain in the same ratio as for the 
truck ofProb. 5. 105, determine how much heavier a truck could safely cross the bridge 
designed in that problem. 

SOLUTION 


See. {** Pf?oBL£>» 5-lo£ -Por cafe J Jab' ©i ■flc • 


Vl^ - XS1Z fcp-m Ml= 383/ k«‘p* in 


Ptv' 'ColfleA steeJ 3£ci Ton W27* ZH S - 213 i* 

j/tSZ €*’t M* 

4 M„ * TIM* = <PM U -- $ 

- V.H, _ -(.t.zsY.ASH) _ k 

y L i< 75" 


^ I O 

I 

Jhcrd6.se 


4 72 / 

383 1 


I .ZZZ 


I + 0.232. 


ZZ.Z % 







PROBLEM 5.107 

w D + w L 



b 

-H h- 


O.ZS KN / h 


•5.107 A roof structure consisting of plywood and roofing material is supported by 
several timber beams of length L = 16 m. The dead load carried by each beam, 
including the estimated weight of the beam, can be represented by a uniformly 
distributed load w D = 350 N/ra. The live loads consist of the snow load, represented 
by a uniformly distributed load w L = 600 N/m, and a 6-kN concentrated load P applied 
at the midpoint C of each beam. Knowing that the ultimate strength for the timber used 
is a u = 50 MPa and that the width ofthe beams is b = 75 mm, determine the minimum 
allowable depth h of the beams, using LRFD with the load factors y D = 1 .2, ft = 1 .6 
and the resistance factor <p= 0.9. 

SOLUTION 

L* 16 * , W 0 r 3S0 N/m = 0.3S 

V/ L r QOO N/h, ? Q.C kVJ/w^ C IrW 

'Dead SocJ: (iXi6Xo.3s) * 7.2 



Z*\ 

VK2.8 k» 


ZP kv 


c 

— — J 


-2.8W 


11.7 



O.C kN/m ( £ 


7]Skw 


7-8 kN 



v^7.3kw 



|3 kU 

-3kV 





A A c ©f 

* IU W-m 

iwoMe^i .i C* M.3 IrtJ-wt * U.2>*/c> s W*vn 

Lwt LaJ : R a * -£[(K)(o.C) < c] * 7.8 IcW 

SW* 4 C" V •= 7.2-(l)(0.&) r 3 kU 

r 

A^ea, A fo C cf ske<** 

(i)(8)(7.8f 3) * HS.7 UtJ- m 

r 0 M o 4- r L M t = 

< - Tp M d * 71 Hi, r (l.gWUWoM+Q.cXq^Wg*) 

9^-4 * (0.9 >(50*10*) 

s U23 1 *? *lo“ 5 m s = I.&397 */<>* mm* 

Fo*' <x secfuw S * s’ 1 il 

/jg S0.M«l7«loO x 383^- 






PROBLEM 5.108 



O.ST UN/* 





“5.107 A roof structure consisting of plywood and roofing material is supported by 
several timber beams of length L = 16 m. The dead load carried by each beam, 
including the estimated weight of the beam, can be represented by a uniformly 
distributed load w D *» 350 N/m. The live loads consist of the snow load, represented 
by a uniformly distributed load w L = 600 N/m, and a 6-kN concentrated load P applied 
at the midpoint C of each beam. Knowing that the ultimate strength for the timber used 
is = 50 MPa and that the width of the beams is b = 75 mm, determine the minimum 
allowable depth h of the beams, using LRFD with the load factors y D = 1.2 y, = 1 6 
and the resistance factor <p = 0.9. 

*5.108 Solve Prob. 5. 107, assuming that the 6-kN concentrated loads are replaced by 
3-kN concentrated loads P, and P 2 applied at a distance of 4 m from each end of the 
beams. 

SOLUTION 

L - 1£ a * Wp-S^o w/*-, * o.t£ kv/* 

W L - 600 N/* - 0.6 kV/* P = 3 kM 

DeuA SoaJ : 9* =* (k}(i6)(o/is} 9 kv 

AvN?6<. A 4c> C o'T 

aA C : H.2 ktAi* - If. 2. */o J 

Live io&J : i[(/cXo.c)4 343 ] - 7.8 kN 

Sheas «A D“ 7.3 S.H kfJ 

SLea^ cA D 4 vT.H - 3 - 2.N UU 

Area A D (iX^)Ux45.^V' 2C.4 klJ.* 

Av*a. Df® C 

Be* moment C - f 4.8 ^ 3/.2kiJ-ht 

' 3/. 2*10* A/.** 

Yj, M 0 + X M L - <pM w - 6 ^ 4 # S 

s , t,Mo»VIn (i.ayn.W)4(uY3i.a>to > ) 
<PK* (o.i)(&o*io € ) 

« i.H-O*# |or* ^ 



S* t tin* 

- 336, mm 



PROBLEM 5.109 


5.109 through 5.111 (a) Using singularity functions, write the equations defining the 
and bending moment for the beam and loading shown. (A) Use the equation 
obtained fcr M to determine the bending moment at point E and check your answer by 
drawing the frec-body diagram of the portion of beam to the right of E. 



SOLUTION 


OTM t » o 


- 3a. A 4 7a.V = o A - |? 


U- a 


PROBLEM 5.110 






V - f P - P <*-">* 

M - f'Px - 

Me r §P(2«t> - "P o- ~ 3 ^ 

2TM A - 0 So.C - a?= o 
t>?M 6 * o - o ! 

M e = 

5.109 through 5.111 (u) Using singularity functions, write the equations defining the 
shear and bending moment for the beam and loading shown, (A) Use the equation 
obtained for M to determine the bending moment at point R and check your answer by 
drawing the free-body diagram of the portion of beam to the nght of E. 

SOLUTION 

- HclA + (3«UR4iW. 1 ' o A= J%a 
w - -««.>” 

i olM 

V - -w. X + W„ 1 r 3T 

m -* §w.«* + o 

A+ B x * 3a 

PL - - i w.(3a.') 1 4 . 3 K tx.(£ a .') 




t?2TM, - o 4a C - (atoaxO 1 o 

p 2 M s - ° - Me 4- (a.)Qw„a ) = O 

H e » vJ 0 Cl 


C~ 


BWl 






PROBLEM 5.111 


5 109 through 5.111 (a) Using singularity functions, write the equations defining the 
shear and bending moment for the beam and loading shown. ( b ) Use the equation 
obtained for M to determine the bending moment at point E and check your answer by 
drawing the free-body diagram of the portion of beam to the right of E. 


D SOLUTION 


C |E 




PROBLEM 5. 


ITTT 


i - O - (f )( 2 >o.W 0 )=o A = - yv 0 a 

jjjj Ozm a = o C* ¥< a 

V - - 

<*-*>* -|H/ o aX 4 »/ 0 OL<x-Za.y 4- O 

A4 pciV*! t x * 3 ci 
Mg' (to.)'- + tjfK4(cx) 

CKe^k • 4 Z M ff = £> - |^ £ - a (v„a) - o 

Mg ^ 

ft, 112 th 5°^ 5 ' U4 (a) Usm c g sm € uiant Y functions, wnte the equations defining the 

Si- momem [ or me 562111 311(1 loading shown. (6) Use the equation 

t f £ lhC m0ment at 1X511,1 C 311(1 check your answer by 

drawing the free-body diagram of the entire beam. ^ 

-Jj M SOLUTION 

4 W’ W„ - w. <x-a.>° - - $ 

V- - W 0 y + *■ 

M- <• £w 0 <x-ct)f 

At p»;*t c * * 3$. 

Me = - i "'.(Xof + i*S,a' =• 

aedc: s)IH t :s (^(k/.cO * M t = o 

nPw 








PROBLEM 5.113 



CW.eeW- +t>rM c = O 


PROBLEM 5.114 


CKeok: 

OZM c = t> 


5. 112 through 5. 114 (a) Using singularity functions, write the equations defining the 
shear and bending moment for the beam and loading shown, (b) Use the equation 
obtained for M to determine the bending moment at point C and check your answer by 
drawing the free-body diagram of the entire beam. 


SOLUTION 

w , VLg. - Wo <y- a '/ . _a^ 

- T?r + * £<*-*>' - 


A4 poiA-f C x - 2a 


+ M t = O 


He 5 w 0 <x l 




5. 1 12 through 5. 1 14 (a) Using singularity functions, write the equations defining the 
shear and bending moment for the beam and loading shown, (b) Use the equation 
obtained for M to determine the bending moment at point C and check your answer by 
drawing the free-body diagram of the entire beam. 



SOLUTION 
W - \A 


’ ** -V % <»-*>' 



- W C X + 

__ W* 

2c< ' IS 


- - v , 

a 

w Q x* _ 

6a 6a - 

<y-a.> s 

p o iVt 4* C 

x = 2a. 


_ w 0 (M\ 
2 


w.a 1 _ 

\ 4_.M C - O 


M t r -|«t 

a 1 



=pfw.a 




PROBLEM 5. 115 




5. US and S. 116 (a) Using singularity functions, write the equations defining the shear 
and bending moment for beam ABC under the loading shown. ( b ) Use the equation 
obtained for M to determine the bending moment juk to the right of point B. 

SOLUTION 

V- -P<x-a> d 
& » - 

M * - P<x-«.>' - Po.<x-a>° -m 

<fj&i Vo He ol 13 x * a? 

M=-0-P*.^-Pcl 


PROBLEM 5.116 



5. 115 and 5. 116(a) Using singularity functions, write the equations defining the shear 
and bending moment for beam ABC under the loading shown. ( b ) Use the equation 
obtained for M to determine the bending moment just to the right of point B. 

SOLUTION 

= O (Zo.)? * oiP- ZCPeS) -2*^ -o 

iP 


V - (R A -P) - ?<*-«*>” 


* -ip - p<*-«.v > 


- 


- i? - 



i 

p 



Re 


Pi = -i?* - P<*-a>' + Pa. + Pa. <*-«./ 

Jjs4 ■('> 4l>e at pei^t B ys cc* 

M = - i Pa. - O + Pa. + P*. r |Pa, 






PROBLEM 5.117 

25 kN/in 


40 kN 40 kN 

* 1.8 m * 


5.117 through 5.120 (a) Using singularity functions, write the equations defining the 
shear and bending moment for the beam and loading shown, (b) Determine the 
maximum value of the bending moment in the beam. 

SOLUTION 

By R* s *• 

4 ZT - o P A + R 0 - Ho - - Ho - a 

* t?o * ku 



W - 25<x-0.£)* - 25<x - 2.0* - -jfc 

V y QZ.S - 25<y-o.cV + 25<x-i».v>‘-±/o<x-o.6> 0 - koCy-ZHTf kM ■ 
M- 62.5*- l?.5<x-0.4>N l3LS<*-2.’ 4 #> ,t -4o<X-a<> , -4o<>f.2.*#y kU-*v 
pai*f vliev-« V 9 O 0 A*somc 0.6 * X* <* /.8 
iO * 62.5 - . 3 S(x*-cU) + o - Ho ~ O x* = f.S ^ 

H - (CT.5)0.S)-^UXo.l) 1 4- o - (<to*o.9) -O « H7.CZS UM-v* 



PROBLEM 5.118 

1.8 IcN 

] .25 kN7 in I 1.25 kN/m 


5. 1 17 through 5. 120 (a) Using singularity functions, write the equations defining the 
shear and bending moment for the beam and loading shown, (b) Determine the 
maximum value of the bending moment in the beam. 


0.6 m 0.6 m 


*- Vl » I *"V> ™' in SOLUTION 

By Sj rr \ m €*f Pj P* r Re 

: 7 +T IR -o P A + P c -(/.a)(L25)- /.g -0 .ZXl.tr)* O 

1.2 ra / \ 1-2 b 

0.6m 0.6m R* * P c r ^ W 

w = 17S - /. 25 <x-l.a>° + i* 5 <*-*.*>° - 

V - -l. 25 x + /. 25 <x~/.a>' - 1 . 25 <X + 2 .^ - /.g<X-/. 8 >° W 

M--0.C2.5x* + o.G2s<y- i.2> v - o.«5<x- *.«/>* 

+ 2.H X - /.8 <X - !.«>' /('LL — * 

OC c w»V*S X “ / . 8 w% 

M~* (0.62?)(t.S)* +(O.CZ?)(o.4>Y + o + (?.4)(/.8 ) - O = Z.S2 k)J.* 









PROBLEM 5.119 


5. 1 17 through 5. 120 (a) Using singularity functions, write the equations defining the 
shear and bending moment for the beam and loading shown, (b) Determine the 
maximum value of the bending moment in the beam. 


20 kips 

1 20 kips 

B C 

VP 


SOLUTION 


-ft A 4(ioto©U(sM*^ + (OC*o) = o 

A - 4-e> k»ps. 


2 ft 


6 ft- 


V = */o - 20 <x- 2 >* - ;2o<x-4>° - S>“ k,p S 

H - 40 x - 2 o<x-;?y - - ^o<^y-6 v > kp -F+ 

o-T V 

A +» B V - fc»> 

8 K. C \J ^ Ho - 20 - 2o kip* 

C +* © V * Ho - - 2o = o 

D 4t> £" V r Ho~2o - Zo- 2o -- -2© k*' ? . 

mov'e^’ir JS Ct>*^ I' Ahal r*\t*sx i rflOh* o*/e.f C 4° 

A+ C x* 4ft M * (4o>0O-U°V*V o - o T 1*0 k.p-ff 


PROBLEM 5.120 



5.117 through 5.120 (a) Using singularity functions, write the equations defining the 
shear and bending moment for the beam and loading shown. ( b ) Determine the 
maximum value of the bending moment in the beam. 

SOLUTION 

C> -4.5R - + (S.t>XM^+ O.s)(<aW0.‘t)(4o'> = © 
R* ^ 40 k* 


0.6 m 0.9 m 


V = 4o - 48<x-|.5>° r Go<X-3.0>° + GO<x-3.6> kW 


M - 

4^* - 

Pt 

xCO 

A 

0 

B 

1.5 

C 

3.o 

D 

3.6 

£ 

4.5 




M (kK/-*0 
O 

(40^1.5^ - Go KV-t" 

** w kw-*i 

(M©K».0- -(€o Xo.t) ~ 7. 2. ktJ- ^ 




- 60 -kW- v^x 





Bt C# D' 


■4 @ 0.75 m = 3m 


0.75 in. 


PROM FM 4 177 5.121 and 5. 122 (a) Using singularity functions, write the equations defining the shear 

and bending moment for the beam and loading shown, (b) Determine the maximum 
normal stress due to bending. 

24 kN 24 kN 

24 k* I I 1 24 kN I SOLUTION 

.* ! dULjJ mm. OZH ( = 0 

A ^Mfrr: ' J* 2 s °x28.4 ♦ (?.25X«‘0 - (|.SY2*0 

1 Sp - (0/75X2*0 + (o.7rX*‘t ) - o 

4 ® 0.75 m = 3m — »1 « — » p _ o ^ . • 

0.75 in K A “ *'pS 

O r M* r O - (0.75X24) - 0.s)(a«O - (*.* s )Cw) + 3 - (3.7rX**0 = o 

P© “ i(>ps 

V= - 2V<*- o.7s)° - iV<y-/.5>° - 2 ¥<y -2.zs$ + ££<x-3>* |<W 

M 5 Soy - Z^X-O^' - |.S>‘ - *<Kv -*.*>->' 4. CC<X-3>* kW- Ki 

X(*0 M&KJ-*) 

B 0.75 (30X0.75) =• *2.5 InJ.* 

C l.s (3o)(i.<n -(2</)(o.7s) = 27 kM-v* 

D 2.2s* (3 oX?-2s')-Ch)(i.s'> -■ GwXcas') = 13.5 k*J. * 

E 3.0 (30X3.6') -£H)(2.2s)- (2+X LS) -(2*0(0.75) = -|3kW-* 

F 3.75 (3o)f3.75V-frlX3.ft)- feuX?.**) - (a*0<1.5) 4«C)(o.7s-*) ^ D ^ 

M**uww>*" - Z1 k|S/-»* r 27 v lo* bJ.yy> 

Foir roMed siecf seoh'o* W25o*22. 4 S- 3oS v/<? 4 

- 3o8 x / 0 '° 

s+rei ' S’ * ^ r S n'fri r »7.7 >/o‘ P «l -- 87.7 MPot -* 





10 kN 


PROBLEM 5.123 


5. 123 sod 5. 124 (a) Using singularity functions, find the magnitude and location of the 
maximum bending moment for the beam and loading shown. ( b ) Determine the 
maximum normal stress due to bending. 



W - go<x-2> a fcwAi * - AV/Jy 


V = - 10 \ Wo<x-jy - 8 o<v-*>' Vw 

A 8 V/ * - [o kfj 

Bf©£ V ? - lo + Ho - 1 3 o k\J 

D (x- G) V * - lo * Ho - Zo(h ) ? - /90 kVJ 

V 6 *A poivvf £ (y» )^) be'fu'e** C 4 a^ O. 

V = o r -lo 4 Ho(x s -| > # - Sto^Xg-zy' 

- - lo + Ho - go ( = 3 . 6 ZS' m 

M- -lOx + Ho <y - l>‘ - Ho^x-zy 1 W** 

At pi B I M 0 --.£loXO ■ - lo 
A-> pi E x * s.m 

f'W * -0 oY3.42s) 4 (NoX*.G*0 - (yoYt.tzsf r **$-„ £ kw.* 

1 M l T Z2 S . 6 kAJ * r>i at y - 3. 62.5" *** 

For W 53o * ISO $ - 37X0 x io s r*? - 37*o */D 4 





2ZS.G WO* 
372o x fo“ fc 


£0. Gx lo‘ P* 
GO. 6 MPa. 






PROBLEM 5.124 


5. 123 and 5. 124 (a) Using singularity functions, find the magnitude and location of the 
maximum bending moment for the beam and loading shown. ( b ) Determine the 
maximum normal stress due to bending. 


40 kN/ni 


18 kN ■ m 



27 kN ■ m 


V - S* - Ho < x - l.zy' kV 




V = O 


SOLUTION 

S3 10 X 52 OM c 5 O 

13 - 3.G 1?^ + Q.ZX^X^°) ~ Z7 = o 
R a ^ Z%S kV 


'Z1.S - Ho (x 0 - KZ) = O 

x D - I. ^ 


Mr - /$ + 21. Sx - Ro<X- U? >* kK/-m 

H a * - 13 klO* tv, 

M d - -18 + Cn.SYl.Ws) - ^^0.7S7J')’- =■ 28.278 kW-*i 

He = - IS + Ctt.$X3.4'> -OtoXz.Mf- - -^7 W-K, 

I M I - 22.^78 ^-**1 «-+ x* /- 9375’ **. — 

Fo*- S 310 * vS”2 rof/ed s{ee-i st4io« S r fTaSx/o 3 *»»\ 

«= 62S*/o'‘ m s 

rw^.i s+^ss 6= ~ ^ y/D< ' p * 3 1 * r - 2 MRa - 



PROBLEM 5.125 

22.5 laps 



5.125 and 5.126 A beam is being designed to be supported and loaded as shown, (a) 
Using singularity functions, determine the magnitude and location of the maximum 
bending moment in the beam ( b ) Knowing that the allowable stress for the steel to be 
used is 24 ksi, find the most economical wide-flange shape that should be selected.. 

SOLUTION 

+ 5 TlM c =0 -ISf?A j ( 7 . 5 ) 65 X 3 H CLOCKS') - o 

- H-O.iT ki’pa. 

& 


W =3 k' f* /'P't r ~ fy 
V - UD.S - 3/ - 22.5<x - zy k. f . 

Lec-cAien of point x> vAeire V ~ o. Assume 
0 - ^.5 - -23..S £ -Ft 

M- '(o.Sx - I.SV - 2?.5<x-3>‘ k. r Ft 


3 < X. ■< I? 


At p»mt D (X * 6 ft') 


_M. _ H5« 
<5A ' 2 V 




e 

S 6 «‘t 

w at * M4 


W IS * «5b 

n.* 

W 16* M© 

7 

IM*MS 

SZJ 

wia*so 

CM. 7 

W l<> * 6 S 

75.7 


= I2/.S k.p 'ft r H58 wp-iw. 
IZI.S Mp ff od x - 6 Ft 

r 60.75 m‘ 

Answer W»€>*4o 




PROBLEM 5.126 

1 12 kips 1 12 kips 


2 A kips/ft 


5. 125 and 5. 126 A beam is being designed to be supported and loaded as shown, (a) 
Using singularity functions, determine the magnitude and location of the maximum 
bending moment in the beam (6) Knowing that the allowable stress for the steel to be 
used is 24 ksi, find the most economical wide-flange shape that should be selected.. 

SOLUTION 

= o 

-is R* f (7 .sMsK2.*0 - - (3)0*) = o 

R A r 27.6 kips 
W - 2.H kijpS J ft r - 


V - 27.6 - 2.Vy - /2<X-C>* - 1 2<x-/2>° iop. 

V e - =■ 27.6 13 . 2 . k,>s 

v a + = ii.a & r 1.2 k: r l 

V c " - 2.7. 6 - (.ZMXn') -12 - -13 . 2 k.’ps J 


poiVt uv> ]n e e \J “ O 
J?!es f? e«A\«/ C. 


polv\f £ V- O 

O - 21.6 - 3.4 X e - 12. - O 


X c * G.S ft 


M ■= 27.6 X - /.XX 1 - /a<x-6> 1 - /a<x-ia>‘ 

A+ potvt e <x*6.sJO m - C2?.6Y6.5)-(/.a)(6.s') v -(/a^o.^') - o 

= 122.7 Jdp'-ft - 1472.4 


IM 

c - Jill 

^ ‘ Sj, 


472.4 

av 


122.7 Ity-ft af /= 6.5 ft 

' = 6/. 35 .V 


Shape. 

S (V> 

Waiy 4V 

g/.6 

W IS * 5o 

S8.4 

W 16 * 4o 

64.7 

W I4x 43 

62.1 

W 12 *5o 

64.7 

W lo * 6% 

75.7 


Z W 16> * 4o 



PROBLEM 5.127 


480 N/'m 



5.127 and 5.128. A timber beam is being designed to be supported and loaded as 
shown, (a) Using singularity functions, determine the magnitude and location of the 
maximum bending moment in the beam. ( b ) Knowing that the available stock consists 
of beams with a 12-MPa allowable stress and a rectangular cross section of 30-mm 
width and depth h varying from 80 to 1 60 mm in 1 0-mm increments, determine the most 
economical cross section that can be used. 

30 mm 

SOLUTION i|go - 0.48 kW /*> 

1 { +!) Z - o 

-4f?» A. 0-^)(9.S)(o.Ht) = O 

R. T 0. 44S" W 


w * - 2d*<y = 0.3S.X - o.a?<x-/.5>' 

1.5 I 


V= 0.645 - O.'IC X z + O. l6<V-/.5> 2 ‘ kN 

L oc4e p*i*f D V = o . Assume 

0 - o. 645 - 0. xj“ + 0./6(*©- I s) 7 ' 


I.S m < X p -s 4 


^ 0.645 -JXMr**? - 0.43X o * 0.3& 


X D - 2.0*375 


M ■* 0.645 x - 0.05333 X 3 + 0 .O 5333 <X- l.s)> VVJ-m 

A+ D M/ (<> 05333 )feo^3?yf +(0.05333X0.5^375-? 

- 0.87fc|l w-m ^ 


Q . t 


Mo. 

Sj/ 


£>.372» «lo 3 


\Z x io i 


- to' 


3 . 

1 Wvs " 


7 z.c>7Se>*io ^ 


po/' fec-4'am^^A^ CK^SS S' 

w . « , |*0.56> 

7 3o 

At tfexf 'Atrjer- /O-M-V) h “ /3c> 







DO 


PROBLEM 5.128 


500 N/m 



S.127 and 5.128. A timber beam is being designed to be supported and loaded as 
shown, (a) Using singularity functions, determine the magnitude and location of the 
maximum bending moment in the beam. ( b ) Knowing that the available stock consists 
of beams with a 12-MPa allowable stress and a rectangular cross section of 30-mm 
width and depth h varying from 80 to 1 60 mm in 1 0-mm increments, determine the most 
economical cross section that can be used. 

30 mm 
|-«— 

H"r SOLUTION 

D l SOO U/tn * o. 5 lew /•*> 

Si -0£M C = o 

-4R, + 13 .^Xu)(o^) + 0-i)(iy 2.M)(0.S) - o 

f?. = 0. 88o kW 


w = O.S - yjp<x-I.C>' - o.s - o. 2 o 833 <x- /.c>' ktJ/W^ ~ 


V = 0.880 - O .Sx + 0.104167 <x- l.6>* kW 

V* - 0-88 o 

V 6 T 0.880 = 0.080 kw 1 srgn 

V t ’ 0.980 - (O.sW) +(O.IC#IC7)(l.4) 2 - = - O.S 8.0 kV J 

UoCftte poi'At t) wlieX'C V = o 

O = 0.880 - 0.5" + 0.104167 (*„- /.&) 1 
0. 104167 - O. ?3J33X t + 1.14667 * O 




0.83333 ±V(Q.8^332.) t -(4YoJ 
(2.Xo.l04fC7) 


= H.o ± 2.2342. - } 1.7 6 58 m -«■ 

Mr 0.880 X - O.XSX 1 + 0.34722.2<X - l.6> 3 WW-w> 

M„ - (O.noti.ycss) -(o^sKi-T^sa’)' + (o.3*?«Xo.)658V = o.77& kv/-**. 

T 0.1J 6 kv-tn 4 1.7658 K, 

S r ii=£- ? 176 * = 64 . 6 C */ 0 '‘ r G 4 . 66 x/o s ^ 

6 j( u. * i o* 

ft. rCc4 C^oSS se4l CM ^ r 6 ^ ^ 

^.ysEssar ,«. 7 ™ 

Af V^exl Jo- V) r 1^0 WVW 



PROBLEM 5.129 

9 j[* N A L = 0.3 m 

1 12 kN/m 


5.129 through 5.132 Using a computer and step functions, calculate the shear and 
bending moment for the beam and loading shown. Use the specified increments AL, 
starting at point A and ending at the right-hand support. 

SOLUTION 

+!)m c - o (s. ‘non - 3 P b * o.sn(3.o>0*'> = o 


A R* ® 29.7 

3m -H yV = 

9 * ^9.7 < x - o.q'f - !2<x-0.9>' kW 

9 x + 29 . 7 <*- 0 - 9 >' - 


X 

V 

M 

m 

kN 

kN*m 

0.0 

- 9.0 

0.00 

0.3 

- 9.0 

- 2.70 

0.6 

- 9.0 

- 5.40 

0.9 

20.7 

- 8.10 

1.2 

17.1 

- 2.43 

1.5 

13.5 

2.16 

1.8 

9.9 

5.67 

2.1 

6.3 

8.10 

2.4 

2.7 

9.45 

2.7 

- 0.9 

9.72 

3.0 

- 4.5 

8.91 

3.3 

- 8.1 

7.02 

3.6 

- 11.7 

4.05 

3.9 

- 15.3 

0.00 



i 




PROBLEM 5.130 


A L = 0.25 m 
36 kN/m 



2 m 1 m 


5.129 through 5.132 Using a computer and step functions, calculate the shear and 
bending moment for the beam and loading shown. Use the specified increments AL, 
starting at points and ending at the right-hand support. 


SOLUTION 

£>Z Mo 5 O 

- £ f? A 4 (,4)6X0^ 4 0)Ca)(3)(56) 

R a - S*1 kv 
W * 

3 


V - *«? - uc>(v-xj - £<x-3> Vvj - 
M - 27*- /2^0-2>- 2<x-3> 3 W-m 


8 


8 


X 

V 

M 

m 

kN 

kN*m 

0.0 

89.0 

0.0 

0.3 

89.0 

22.3 

0.5 

89.0 

44.5 

0.8 

89.0 

66.8 

1.0 

89.0 

89.0 

1.3 

89.0 

111.3 

1.5 

89.0 

133.5 

1.8 

89.0 

155.8 

2.0 

- 31.0 

178.0 

2.3 

- 31.0 

170.3 

2.5 

- 31.0 

162.5 

2.8 

- 31.0 

154.8 

3.0 

- 31.0 

147.0 

3.3 

- 31.4 

139.2 

3.5 

- 32.5 

131.3 

3.8 

- 34.4 

122.9 

4.0 

- 37.0 

114.0 

4.3 

- 40.4 

104.3 

4.5 

- 44.5 

93.8 

4.8 

- 49.4 

82.0 

5.0 

- 55.0 

69.0 

5.3 

- 61.4 

54.5 

5.5 

- 68.5 

38.3 

5.8 

- 76.4 

20.2 

6.0 

- 85.0 

- 0.0 






PROBLEM 5.131 


3.6 kips/ft 



AL = 0.5 ft 


5.129 through 5.132 Using a computer and step functions, calculate the shear and 
bending moment for the beam and loading shown. Use the specified increments AL, 
starting at point A and ending at the right-hand support. 


SOLUTION 

-OZM c = o 

-ur a 4 (OflJOO.s') •» floYiVeXi-*'* 

R A ■= 15.3 fe'ips. 

W = 3.6 - i^-x + 


= 3.C - 0.3X + 0.3<*-€»> 


V - 15.3 - 3.CX + O.iSx*- - 0./5<x-c/ kips - 
M - 15.3 y - Ux l + 0.05 y z - aos<x-6> 3 Kp-fi 


X 

V 

M 

ft 

kips 

kip*i 

5 

0.0 

15.30 

0.0 

0.5 

13.54 

7.2 

1.0 

11.85 

13.6 

1.5 

10.24 

19.1 

2.0 

8.70 

23.8 

2.5 

7.24 

27.8 

3.0 

5.85 

31.1 

3.5 

4.54 

33.6 

4.0 

3.30 

35.6 

4.5 

2.14 

37.0 

5.0 

1.05 

37.8 

5.5 

0.04 

38.0 

6.0 

-0.90 

37.8 

6.5 

-1.80 

37.1 

7.0 

-2.70 

36.0 

7.5 

-3.60 

34.4 

8.0 

-4.50 

32.4 

8.5 

-5.40 

29.9 

9.0 

-6.30 

27.0 

9.5 

-7.20 

23.6 

10.0 

-8.10 

19.8 

10.5 

-9.00 

15.5 

11.0 

-9.90 

10.8 

11.5 

-10.80 

5.6 

12.0 

-11.70 

0.0 





PROBLEM 5.133 


5 kN/ra 



5.133 and 5.134 For the beam and loading shown, and using a computer and step 
functions, (a) tabulate the shear, bending moment, and maximum normal stress in 
sections of the beam from x = 0 to x = L, using the increments AL indicated, ( b ) 
using smaller increments if necessary, determine with a 2-percent accuracy the 
maximum normal stress in the beam.. 


SOLUTION 

t)ZM 0 = o 

r a - kw 


W200 X 22.5 
L = 5 m 
AL = 0.25 m 


W 3 + Z<*-*y VVJ/*" = - ^ 


V - 

!&.* - : 

3x - 2<x-a>’ - 3<x-3.S>° 

kk) ^ 

M - 

1 o.Zx- 

l.£x v - <x- 

- 3<x-a.s>' 

kW* w> 

X 

V 

M 

sigma 

poJJeJ 

m 

kN 

kN*m 

MPa 

W 7oo « 22. r 

0.00 

10.20 

0.00 

0.0 

S * \^H * to 3 

0.25 

9.45 

2.46 

12.7 


0.50 

8.70 

4.72 

24.4 c * I 


0.75 

7.95 

6.81 

35.1 ° 


1.00 

7.20 

8.70 

44.8 

M ' 16.164 WO 4 

1.25 

6.45 

10.41 

53.6 S | < ?H vio‘ fc 

1.50 

5.70 

11.92 

61.5 


1.75 

4.95 

13.26 

68.3 

- S3. 3 *IO c P«, 

2.00 

4.20 

14.40 

74.2 


2.25 

2.95 

15.29 

78.8 

= S3. 3 HP«sl 

2.50 

1.70 

15.88 

81.8 


2.75 

0.45 

16.14 

83.2 


3.00 

-0.80 

16.10 

83.0 


3.25 

-2.05 

15.74 

81.2 


3.50 

-6.30 

15.07 

77.7 


3.75 

-7.55 

13.34 

68.8 


4.00 

-MQ 

11.30 

58.2 


4.25 

-10.05 

8.94 

46.1 


4.50 

-11.30 

6.27 

32.3 


4.75 

-12.55 

3.29 

17.0 


5.00 

-13.80 

-0.00 

-0.0 


2.83 

0.05 

16.164 

83.3 


2.84 

0.00 

16.164 

83.3 


2.85 

-0.05 

16.164 

83.3 






PROBLEM 5.134 


5.133 and 5.134 For the beam and loading shown, and using a computer and step 
functions, (a) tabulate the shear, bending moment, and maximum normal stress in 
sections of the beam from x = 0 to x = L, using the increments AL indicated, (b) 
using smaller increments if necessary, determine with a 2-percent accuracy the 
maximum normal stress in the beam.. 


20 kN/m 



50 mm 

H b- 

pj ^300 mm 

L = 6 m 
AL = 0.5 m 


SOLUTION 

■ 0^*0 = o 

+ (0(5) + ^ o 

R a ^ 45 w 

W * 2 o<y-^)° - *o<y-5>" 




~5 + 4S<X-2.>° T* 20<y-2>* + 2o<y-5>’ kvl 
-5x * 4S<x-2>' - /o<x-s>*“ kVJ- 


X 

V 

M 

sigma 

m 

kN 

kN*m 

MPa 

0.00 

-5 

0.00 

0.0 

0.50 

. -5 

- 2.50 

- 3.3 

1.00 

-5 

- 5.00 

- 6.7 

1.50 

-5 

- 7.50 

- 10.0 

2.00 

40 

- 10.00 

- 13.3 

2.50 

30 

7.50 

10.0 

3.00 

20 

20.00 

26.7 

3.50 

10 

27.50 

36.7 

4.00 

0 

30.00 

40.0 

4.50 

-10 

27.50 

36.7 

5.00 

-20 

20.00 

26.7 

5.50 

-20 

10.00 

13.3 

6.00 

-20 

0.00 

0.0 


Ma.y | r^i ^ — SO kVi-Vvi 

X =* 4. o v^» 

re cro** s eoV» v 6>v* 

S - i^M^V^XSOoV* 

- iso y \o 3 mr , 3 

*■ 750 w 2 

_ K -~* 3 . 0 * 10 * 

' s " 7 so*fo*‘ 

- 4 yo y(O c fa, r <+o MPcl*+ 



PROBLEM 5.135 


2 kips/ft 


5.135 and 5.136 For the beam and loading shown, and using a computer and step 
functions, (a) tabulate the shear, bending moment, and maximum normal stress in 
sections of the beam from x = 0 to x = L, using the increments AL indicated, (6) 
using smaller increments if necessary, determine with a 2-percent accuracy the 
maximum normal stress in the beam.. 


1.2 kips/ft 


2 in. 

H h - 


SOLUTION 

= o 


3oo JHo - C5. k.ps 


lb B 

1 * 

a ± 

IK L = 5 ft 

>4 * r — ft nt j 

->51 

Pfr 

h-i.s ft-4- 

2ft J 1.5 ft 

• AL — [j.Zd 1 



300 lb 


2 - C 

V - 3.1 

8*1 - 2x 

■+ O. 8 <x 


M = 3.84 v - x l 

+ 0.H{X 


X 

V 

M 

sigma 

ft 

kips 

kip *ft 

ksi 

0.00 

3.84 

0.00 

0.000 

0.25 

3.34 

0.90 

0.224 

0.50 

2.84 

1.67 

0.417 

0.75 

2.34 

2.32 

0.579 

1.00 

1.84 

2.84 

0.710 

1.25 

1.34 

3.24 

0.809 

1.50 

0.84 

3.51 

0.877 

1.75 

0.54 

3.68 

0.921 

2.00 

0.24 

3.78 

0.945 

2.25 

- 0.06 

3.80 

0.951 

2.50 

- 0.36 

3.75 

0.937 

2.75 

- 0.66 

3.62 

0.906 

3.00 

- 0.96 

3.42 

0.855 

3.25 

- 1.26 

3.14 

0.786 

3.50 

- 1.86 

2.79 

0.697 

3.75 

- 1.86 

2.32 

0.581 

4.00 

- 1.86 

1.86 

0.465 

4.25 

- 1.86 

1.39 

0.349 

4.50 

- 1.86 

0.93 

0.232 

4.75 

- 1.86 

0.46 

0.116 

5.00 

- 1.86 

- 0.00 

-.000 

2.10 

0.12 

3.80 

0.949 

2.20 

0.00 

3.80 

0.951 

2.30 

- 0.12 

3.80 

0.949 


)MW 3.50*1 KfM 

r tfS.&W 
&£ X - 2. 2o f+ 

7 i Vi * 13 i * 

S’ffehMiYayia')* 

r .V s 

h HSXV 8 „ 

S ' ' 5 

= O.tSI ks ,' 




PROBLEM 5.136 


4.8 kips/ft 


3.2 kips/ft 


S.13S and 5. 136 For the beam and loading shown, and using a computer and step 
functions, (a) tabulate the shear, bending moment, and maximum normal stress in 
sections of the beam from x - 0 to x = L, using the increments AL indicated, (6) 
using smaller increments if necessary, determine with a 2-percent accuracy the 
maximum normal stress in the beam.. 


SOLUTION 



- 1 A ft- 

W12X 

2.5 ft '2.5 ft' 

* IO It 


W - 

9.2 - l 

.<5 <X-S>° 

V - 

- 9.2 X 

4 36.8 < X- 

M - 

- 2.9 X* 

4 36.8 <X- 

X 

V 

M 

ft 

kips 

kip* ft 

0.00 

0.0 

0.00 

1.25 

-6.0 

-3.75 

2.50 

24.8 

-15.00 

3.75 

18.8 

12.25 

5.00 

12.8 

32.00 

6.25 

8.8 

45.50 

7.50 

4.8 

54.00 

8.75 

0.8 

57.50 

10.00 

-3.2 

56.00 

11.25 

-7.2 

49.50 

12.50 

-11.2 

38.00 

13.75 

-15.2 

21.50 

15.00 

-19.2 

0.00 

8.90 

0.32 

57.58 

.9.00 

-0.00 

57.60 

9.10 

-0.32 

57.58 


- 36.2 lc.ps. 


sigma 


0.00 

-1.X7 

-4.66 

3.81 

9.95 

14.15 


17.41 

15.39 

11.81 

6.68 

0.00 

17.90 

17.91 
17.90 


mu*'' r 57. C k.f> & 

= 69 /.a klf - i*n 

cd v - l.o -Pf. 

Fo* foJJteA sieeJ se^h'o* Wl2*3 o 
S- 32.6 ,V 

Maxi s-fmess 

^ -3*r r l7 • , ' ku - 



PROBLEM 5.137 


w=u' (> i 



5.137 and 5.138 The cantilever beam AB, consisting of a cast-iron plate of uniform 
thickness b and length L, is to support the distributed load w(x) shown, (a) Knowing 
that the beam is to be of constant strength, express h in terms of x, L, and h 0 . ( b ) 
Determine the smallest allowable value of h 0 if L =750 mm, b = 30 nun, w 0 = 300 
kN/m, and o& = 250 MPa. 


SOLUTION 

^ 

\J „ W a X z _ 

v XL “ 


* * “ i£r 


M I - 




F or <x w^uJlcx.V' cross 

c 1. J_ IL 2 - W °* Z 

A+ x- L h -- h 0 • 




/KI! 


S “ 6" 

••• >- - 


t)^; L - 76'^ r 0.7S b = 30 *" * 0.030M 

W 0 - 3oo VM /*o - 3 oox/o ! N/ho ^ 61* - 2JTO MP* - ZSO'lo Pc, 


(3QQ* io*Xo. 7 s)* 
(2$Z>*/o* )(0-O'3o) 


= 15^0 y/o" A vri = ISO Vtor*\ 



PROBLEM 5.138 


tv = u ’ 0 sin f-r 



5.137 and 5.138 The cantilever beam AB, consisting of a cast-iron piate of uniforai 
tfuclmess 6 and length L, is to support the distributed load shown, (a) Knowing 
that the beam is to be of constant strength, express h in terms of*, L, and h 0 ( b ) 
Determine the smallest allowable value of A* if L =750 mm, b = 30 mm = 300 
kN/m, and = 250 Mpa. 


SOLUTION 


TtX 


£ „ - w , - v. s* ZL 


V 


=* Jr. 


T 


CoS g- + c, 


V - O ajt X = o 


r _ 

* 7T 




— cos -rr ) 


TTX 

2.L 


M -#-K* - f ) IM/- ^ 


s * ig 1 • (*- a.. .-.gt) 

TT Ti 

uJai^ ctroftT secAio* S — £kU‘ 

£■^■-3 i-W' »-lf) 

A+ X = L k = h. ( I - TT^} ,7£ Vr^ X 

(a) h S h. [(£ - ) / (I- | )] 

P«.k: U = 7SO OjlS m } l o ~ SO *v.*n ~ O. 030 

W D =■ 3oo UM/m t 300 * 10 * SUf r ISO MPa. r 250*10* R* 


(h) h a - U7s 

0 ¥(2So*10‘KO-03©) 


1 7 6. "7 k^k\ 



PROBLEM 5.139 


5. 139 and 5.140 The beam AB, consisting of a cast-iron plate of uniform thickness b 
and length L, is to support the load shown. ( a ) Knowing that the beam is to be of 
constant strength, express h in terms of x, L, and h 0 . (b) Determine the maximum 
allowable load if L = 36 in., h a =12 in., b = 1 .25 in., and = 36 ksi. 


x M - - Px |M)~ Px 

c,M.£ x 

Vot- reef M yUay- cxo S3 section S =g"t»Vi 

«: bla - ^"(eUbV 

M x = L b- K.'-{| ££$ ‘ 

h ' fi 1—1 

. _ ~ 6Lrfc>b. (36 Y 1.25^(13')' 

SoiwfHj WP p ' 6 L (cte 30 


PROBLEM 5.140 


5.139 and 5.140 The beam AB, consisting of a cast-iron plate of uniform thickness b 
and length L, is to support the load shown, (a) Knowing that the beam is to be of 
constant strength, express h in terms of x, L, and h 0 . (b) Determine the maximum 
allowable load if L = 36 in., K =12 in., b = 1.25 in., and o* = 36 ksi. 



SOLUTION 


+t HE* “ O + 1 L - O 


-02 M t * o 


(? ■? f? Q - mJ=r 
*8 2 



\V\\ W 


16Jt 


For o. irec/to* se<^4t’o^ 

c ±* ll L l = W*(L-Xj 

6 on 

Atx=k 

Sx 4*,-» 5 -f* x w w * ^3^,— = 


- WX £ + M = o 
M * |x(L-0 


S - c" bh' 


- 

n- Uto-f j' - 

^ 6 . 67 M" 


(3X2-0 



PROBLEM 5.141 



5.141 and 5.142 The beam AB , consisting of a cast-aluminum plate of uniform 
thickness b and length L, is to support the load shown, (a) Knowing that the beam is 
to be of constant strength, express h in terms of x, L, and /i 0 for portion AC of the beam. 
(b) Determine the maximum allowable load if L = 800 mm, h 0 = 200 mm, b =25 mm, 
and 0 & =72 MPa. 


SOLUTION 
Ka - 



= £ 
2 




+)2 Mj = o 


F 


- £x + M = o 


y\ = 


(o<x< 4^ 


e s ±L . 


_ £* 


R>^ -fcv' c*^>s^ sec/'fi'o^ -S ” ^ bb 


rt< 




?x 


3Px 


W A4 x - 5 = K, - 


2 Si/b 


■ u? 


0*X< “ 




L 


F©** 

(b') Sb/Pv'in^ W P 




ccce 


X by L - x 


•p _ 261 ^ bbp 2- _ 

r ‘ 3L 


Ci)C72*l<*Xo.QZsYo.Zoo) . m 

(3Y0.2'> 

= 60 KM 




PROBLEM 5.142 


/-V 


5. 141 and 5.142 The beam AB, consisting of a cast-aluminum plate of uniform 
thickness b and length L, is to support the load shown. ( a ) Knowing that the beam is 
to be of constant strength, express h in terms of*. L, and h 0 for portion v4C of the beam. 
C b ) Determine the maximum allowable load ifZ, = 800 mm, h 0 = 200 mm, b =25 mm, 
and cr m =72 Mpa. 


SOLUTION 



5 - -jsr- r gsJL w ( 0 < * k) fV %>k V k, L- X . 

0*1 * 6j| L air 

For a. c ross secfiV* S - 

r- ±i i 1 , .. F^mTv 

E r"*"3 ebtn - W 't|sHT 

At X = k h- L ^J~r W* w. / 7l 


1? A = M./L i R* = M*/M 

iM.//. 

I I M 


y -J 


For % > 


x + M ■= o 


M — ^ ( o* y ^ 

K - (Lt y <L) 


u , £H*5L 
h V6witL 


Soil/ 1 4*»r M, 


Y 6a<b 

M , S*khi * IS2f£i 


w - -HuTl 


= ^qvIO 3 

= *4 W-M «■ 



PROBLEM 5.143 



5. 143 and 5. 144 A preliminary design based on the use of a simply supported prismatic 
timber beam mdicated that a beam with a rectangular cross section 50 mm wide and 200 
mm deep would be required to safely support the load shown in part a of the figure. It 
was then decided to replace that beam with a built-up beam obtained by gluing together 
as shown in part b of the figure, four pieces of the same timber as the original beam and 
fif * X „ 5 °- ?V n 1 cross action. Determine the length /of the two outer pieces of timber 
that will yield the same factor of safety as the original design. 
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PROBLEM 5.144 



5.143 and 5. 144 A preliminary design based on the use of a simply supported prismatic 
timber beam indicated that a beam with a rectangular cross section 50 mm wide and 
200 mm deep would be required to safely support the load shown in part a of the figure. 
It was then decided to replace that beam with a built-up beam obtained by gluing 
together, as shown in part b of the figure, four pieces of the same timber as the original 
beam and of 50 * 50- mm cross section. Determine the length / of the two outer pieces 
of timber that will yield the same factor of safety as the original design. 


SOLUTION 
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PROBLEM 5.145 



5.145 and 5.146 A preliminary design based on the use of a cantilever prismatic beam 
indicated that a beam with a rectangular cross section 2 in. wide andlO in. deep would 
be required to safely support the load shown in part a of the figure. It was then decided 
to replace that beam with a built-up beam obtained by gluing together, as shown in part 
b of the figure, five pieces of the same timber as the original beam and of 2 * 2- in. cross 
section. Determine the respective lengths /, and l 2 of the two inner and two outer pieces 
of timber that will yield the same factor of safety as the original design. 




SOLUTION 
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r 

9, = s"= — 





PROBLEM 5.146 

w 


5 .145 and 5.146 A preliminary design based on the use of a cantilever prismatic beam 
indicated that a beam with a rectangular cross section 2 in. wide andlO in deep would 
be required to safely support the load shown in part a of the figure. It was then decided 
to replace that beam with a built-up beam obtained by gluing together, as shown in part 
b of the figure, five pieces of the same timber as the original beam and of 2 x 2- in cross 
secuon. Determine the respective lengths /, and l 2 of the two inner and two outer pieces 
ot timber that will yield the same factor of safety as the original design 


SOLUTION 
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PROBLEM 5.147 



5.147 A cantilevered machine element of cast aluminum and in the shape of a solid of 
revolution of variable diameter d is being designed to support a horizontal concentrated 
load P as shown, (a) Knowing that the machine elemept is to be of constant strength, 
express d in terms oty, L, and d 0 . (b) Determine the maximum allowable value of P if 
L = 300 mm, d 0 = 60 mm, and =72 Mpa. 


SOLUTION 
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PROBLEM 5.148 


5.148 A cantilevered machine element of cast aluminum and in the shape of a solid of 
revolution of variable diameter d is being designed to support a horizontal distributed 
load w as shown, (a) Knowing that the machine element is to be of constant strength, 
express d in terms ofy, L, and d 0 . (b) Determine the smallest allowable value of d 0 if L 
= 300 mm, w = 20 kN/m, and -12 MPa. 



SOLUTION 
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PROBLEM 5.149 



5 . 149 A cantilever beam AB consisting of a steel plate of uniform depth h and variable 
width b is to support a concentrated load P at point A. (a) Knowing that the beam is to 
be of constant strength, express b in terms of x, L, and b 0 . ( b ) Determine the smallest 
allowable value of A if 

L = 12 in., b 0 = 15 in., P = 3.2 kips, and = 24 ksi. 


SOLUTION 


•OZMj. = o - M - PCl-v'I = o M- - PQ -x'i 
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PROBLEM 5.150 



A + *= o 

b - 

ScJ^V/tw^ 

\w 


5.Z50 A cantilever beamAfi consisting of a steel plate of uniform depth h and variable 
width b is to support a distributed load w along its center line AB. (a) Knowing that the 
beam is to be of constant strength, express b in terms of x, L, and b 0 . ( b ) Determine the 
maximum allowable value of w ifZ, = 15 in., b 0 = 18 in., h = 0.75 in., and = 24 ksi 


SOLUTION 
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PROBLEM 5.151 


5. 151 Two cover plates, each 7.5 mm thick, are welded to a W460 * 74 beam as shown. 
Knowing that l = 5m and b - 200 mm, determine the maximum normal stress on a 
transverse section (a) through the center of the beam, (b) just to the left of D. 


40 kN/m 
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PROBLEM 5.152 


I 500 kN 


7% ^ r e ^ us l “ hr rf 


D C 


m LT b i 

WT^r 
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PROBLEM 5.153 


160 kips 


5.153 Two cover plates, each \ -in. thick, are welded to a W27 x 84 beam as shown. 

h^Terfe^ecton 1 1 10 5 “** f tennme ^ maximum noimal stress on a 

transverse section (a) through the center of the beam, (b) just to the left of D. 
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PROBLEM 5.154 


30 kips/ft 


5.154 Two cover plates, each "g -in. thick, are welded to a W30 * 99 beam as shown. 
Knowing that / = 9 ft and b = 12 in., determine the maximum normal stress on a 
transverse section (a) 

through the center of the beam, (6) just to the left of D. 


D E 
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PROBLEM 5.155 

40 kNAn 



5. 155 Two cover plates, each 7.5 mm thick, are welded to a W460 x 74 beam as 
valueof(a) the^&Xe £1#^^ 

SOLUTION 
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PROBLEM 5.156 


S.1S6 Two cover plates, each \ -in. thick, are welded to a W27 x 84 beam as shown. 

blowing that = 24 ksi for both the beam and the plates, determine the required value 

of (a) the length of the plates, ( b ) the width of the plates. 
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PROBLEM 5.157 

30 kips/ft 



5.157 Two cover plates, each f -in. thick, are welded to a W30 x 99 beam as shown. 
Knowing that - 22 ksi for both the beam and the plates, determine the required value 
of (a) the length of the plates, ( b ) the width of the plates. 
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rKUBLEM 5.15s 



be applied at end £ ot tne oeam snown. rsegieci me weiguus u> me unau 
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PROBLEM 5.159 


5.159 For the tapered beam shown, and knowing that P ~ 150 kN, determine (a) the 
transverse section in which the maximum normal stress occurs, ( b ) the corresponding 
value of the normal stress. 
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PROBLEM 5.160 




5.160 For the tapered beam shown, and knowing that w = 160 kN/m determine (a\ fh? 
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PROBLEM 5.161 


S.161 For the tapered beam shown, determine (a) the transverse section in which the 
maximum normal stress occurs, (b) the largest concentrated load P that can be applied, 
knowing that o = 140 MPa. 
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PROBLEM 5.162 


S.162 For the tapered beam shown, determine (a) the transverse section in which the 
maximum normal stress occurs, (6) the largest distributed load w that can be applied, 
knowing that = 140 MPa. 
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Oevtolin^ ^ " s X b (a*VC*y* 

JiH 

“To -fmot -PoCA.fi o* of MMtinUt* bencjt 4 n<j s+^ess se.i ^ ^ 

ds; 3w J< lx-** I _ 3w( (q+kv^U-2*ML*-*^(^ k »^ l 

dx * b j£7(a+kx'H b ( Ca.+ kx)* * 

■au.c fa + kx)0-- ax ) - Xk(Ly ~ 1 
b C (<x+ kx) a 5 

3W c aL 4 kt> - -JUt* ~ +J^ | 

b t (OL+ kx 'J* J 

3 wJ aL - (2cu-i<Oy 1 _ 0 

= b Z (a.+ kxy o 

y _ O.L _ 020 )(I.^ _ o.*V K, - 

^'Ia+UL (XXUO-) +(360)0-*) 


- a+kx„- izo * (,$oo)(o.z<i) - nx*.* 
c. - i- (j b,, 1 r r l7?.8S^(o* h,« s - IW.88X/0’ 4 m* 

v*>U of M w M* - Sm §L«f = Owto-)(ito*t*) 

= n. 2032 x/o 5 

. , » t -r w m - ZM ~ - &Kn.zo$z>iJ) 

t\Uo^y< \Z*.AJ* ol W >UL-*0 ‘ (0.*H KO.<?6) 

- Jtf^3 X fo* W/** r H9.3 IcW/b, 



PROBLEM 5.164 


5.164 For the tapered beam shown, determine (a) the transverse section in which the 
maximum normal stress occurs, (b) the largest distributed load w that can be applied, 
knowing that u = 24 ksi 



ih 


SOLUTION 


j ~~p » ~ ™ -k 


L = GO i, 



W £)2 - o 

k 1IUU1 -iwLv + wxf + M = O 

'* — X — *. f M = ^(Lx-x 1 ') 

For He HpereJ beav* Vl - <X+ kx 

g - Li « 

CL - ^ ivi k ~ ■ ^V T~~ - Tc Wi/m. 


For a cros£ S s b h r kx") 

„ j x K - J1 - gw Lx- x\ 

s+ress ^ ^ " b (a + k*y- 

To -Pi 1-1*4 $oca\ iot* J tmtKXl I*1C>**1 bending stress sef 3£ ~ ° 






- x* 1 - 3W f <a+ kvlVL-axl-qx-x^gCa-Uftc^ 


(a 4 V<y }•» 


_ (atkx')(L-2xl-^ay-x ,L ) 7 

b l (a + kx 1* j 


_ 3w 1 al 4 kLx -frxx - 2kx* - ZKLx 

V> t (a + kx ")* 

_ 3W C a-L - (.7.0. + kl ) x X - q 


■v^kx v | 


' ~C 


(a+ kx)* 


x , 4-1 . ls in . 

5ta+KL COOO +(^Xe.6) 

Vv« «•+ kx„ - *f +1^1(15) = S.OO in. 

s»* ±bk? - (i)(^(6.oo') t •*«*!■* 

MU~U« vcXeof M w - s.6^ ' (-4.S QU.2V) = 180.0 k>-i" 

-» " - ’ ;ffc ’ wfef * °- 3J0 *+*• 

= 320 



PROBLEM 5.165 

2.5 ldps/ft | 15 kips 




5.165 Draw the shear and bending-moment diagrams for the beam and loading shown, 
and determine the maximum absolute value (a) of the shear, ( b ) of the bending 
moment. 

SOLUTION 

- o 

- IS + (i:?)CO(;?.s) 4 C£)(IS) = o 

R A = I? k.'ps 

OlM A ~ O 

IS Pa = O 

Re, “ >2 k‘*pi 

Sliear* V* - 18 k.’ps 

V c - /* - tt )£?.$) 7 3 kr f » 

C foB V » 3 /c,*ps 

T> t* B V - 3 - />sr * - 12 k;p 


<J 

< 

£ Volx - 

C4>X> 

* 

D -h. B 

iv*i* * 

^«kuli nj 

r ' 

M c - 

O ♦ £3 

M* - 

63 + 9 

H a - 

72 - 72 

ivu * 

IS k*p« 

ImL. - 

72 i6p-ft 



PROBLEM 5.166 


5.166 For the beam and loading shown, determine the maximum normal stress due to 
b e ndi ng on a transverse section at D. 


150 kN 



W460 X 113 


SOLUTION 

o 

+( t \~o)0so') + 4*0.3 = c> 

R h * 274 

- o 

Witz ~(o.v)tl£o) -CU)(/50“ f3.*X?. 4 )£*>*)“ O 

fe - 237 W 


SV»eaif : A "Vo C 
C +o 'D 
D t<» f 


V = 27 <? - ISO - 12 4 kK> 

V - 133 - iso - -2/ 


Vt = - 3/ 1 

V B - - 2/ - C?-4)0O r - 237 kM 

Av'CA.s utncicr skea*' 

A to C JV<4* r (6.8X 27?)r 223.2 W*»» 

C t«D (o.*yia^o= 163.2 kM-b* 

lbetfW<Vi^ wor^e^i occurs <a.+ pen* r D 

wke^e V dkan^es 
M 0 - * C V.U 

_ 0 4 223. 2 4 163.2. = 324.4. krJ-Pi 

Fo/' roi/cd siee2 section W *i£>o * 113 

S « *400 *lO* pwi* = 2400 •f/o" 6 rw»* 


. . J£ 32£.4 x/Q 1 ^ 

OV'^vAa stires*s O “ c ”* OU0O x io -< 


/3C.0 y/O 4 Pa 

^ /34.0 MPa. 




PROBLEM 5.167 



5. 167 Determine (a) the distance a for which the maximum absolute value of the 
bending moment in the beam is as small as possible, (b) the corresponding maximum 
normal stress due to bending. (Hint: Draw the bending-moment diagram and then 
equate the absolute values of the largest positive and negative bending moments 
obtained.) 


0.5 in. 


Nj. 


SOLUTION 

OXM,= 0 

—f - a. + (40V120') +(20)(uo') =“ 

0.75 in. _ 7gOO 

a 






\ 


\2o 


5 




L V 

womeni cit 0 



i)2M c = o 

+ 120 (4o - cl) O 

M c * + ISO a 


OZM d r O 

Mo + (2o)(l2o)~ £«.(a--2o} = O 

M c * R c (a - xo) - 2400 

= £ c a - 20 R t - Mo a 

, 7200 - t^X? 860 ) - 2400 

x 4800 - iSleas; 

a 




- M t - M 


000 


msoo - )?o a - VSao - a 
120 a* = 144000 a-3^.iHI in. 
M c r - 4«oo +(|?o)(34. 1 ) T -£43.08 Jt.fe 

- C43.Q8 A. 1 '. 


Ho^ 4800- 



For s ec4~i0*i s- £U l 

S =(^Xo.S)(o.l^'f = 0.0>UZ7S iV 


‘ft 


^ 6S3.08 


'I*** 


o.oq&a?^ 

- /3.7R Rsi 


3.72*10* p*f 


PROBLEM 5.168 


30 kN/m 




4 -*|*-3 


C © 


- 1^.2 



5.168 Draw the shear and bending-moment diagrams for the beam and loading shown, 
and determine the maximum absolute value (a) of the shear, ( b ) of the bending 
moment. 

SOLUTION 

+3E.K, = o 

- 3.2 * 0.6X3.aX3o') -(.0.8)(**0 - O 

R* = 42 W 

Osm a = o 

3.2 f? c - (1.6 1(3.2X35) - (H.0)(iH'l = O 
R t - 7* M 

5 hea* : V* = 42 kW 

V c - - 42 -(3.21(30) - - 54 kW 

V £ * - -54 + 78 - 24 kw 

C 4o TS V = 24 kv 


koc.fi. ie potA^ ^ wite/< \J - O 

j: i.U 3.2 - - 1. « ^ 

AreetS otitfle/ 4 

UD SvUv * &Xl.4')(42') •= 24.4 W-h, 
D+oC SVJy - (k')0-8KS4) + -48.C W-*i 
CfoB 5Vdy * (0.8 X*D = 


Sendi'n^ tn emend* • 

= 0+24. 4 


Ma - o 
2ir. ^ 


tie - \%Z - * o dxe-kz 


M<xxi. 


\\)\ ■* WW 


May ir* i2 '•'i iMl - 24.4 kv- m 



PROBLEM 5.169 


5.169 For the beam and loading shown, detennine ( a ) the maximum value of the 
bending moment, ( b ) the maximum normal stress due to bending. 



M ft.* i •¥»«>¥* >Kt| - 
F <yr roMeA sbeei 



S10 X 25.4 


SOLUTION 
+ O 


+ ( tsKtsKs) = o 
ff* * 20 . 2 S k : P s 


Ox M c - o lo p* - (ssXis X3 ) - o 

f? D = 7S - k.'f« 

Shear* « O 

V C “ = O - ft)(3) * - 6 kip, 

Vfe * “ ^ r | If. ^ i(i p s 

V D - = 14.2S - Oo')(3‘) - - /i’.TS’ ,-Jcrps 

V D * * - ISJS + 2 V. 75 " ^ 9 Jf.ps 

v B ^ q - (3x*o * o 


Loctu'fe £■ u^ltev'C \/ = O 


n.7S 

e * 


lo -e 

IS*. 

4.75* -fV: 


3 oe - /Vi?. 5* 

/a-e. = s’. 25* ft 


Areccs shea/* 0(14.4 ito** 

AfoC - (Jhrt X-6 ^ - -G k,* p .f+ 

C -fo E S Valx * (£)&75)0*.a5') r 33. $4 kp-ff 
B b T> ^-Hl.34 k.p.-JH 

D B 5vJk^ - 13. 5* *.>.$» 

Bending s' M a - o 

M c =0-Gr - & fc.p.ft 

M e =• - G+ 33. 84 “ 27.2V k.’p.f/ 

Mo r 27.84 -4L3V = - 13. S' kfp.ff 

m f = -is.«r 1- is.r * o cWfc* 


27.8V k/ r ft — 

334. I kVp - jw 

sec.tio~ Slov^.v S * 2 V. 7 ;** 


M 


'i«Or 


»w.y 

s 


normciJ S'fpe^S 


33V. I 
2V.7 


13. ^3 ic s ; 





PROBLEM 5.170 


112 kN 

24 kN 

12 kN 

L_£_ 

D 

E 


0.9 m 

' 1.2 

m 1.2 

1 m 1.2 m 

v - 

- 

\z + 

35 <x- 0 

M * 

- 

12 v 

•+ 3^<X- 

Pt 

c 

(x 


P4 

D 

(x 

S 2. 1 tv, ) 

Pf 

S' 

Cv 

* 3.3 m) 


5.170.(a) Using singularity functions, write the equations defining the shear and 
bending moment for the beam and loading shown. (6) Determine the maximum value 
of the bending moment in the beam. 


I SOLUTION 

OlM s = O 

m (4.sVl5 1-3.6 a H o+ («*»*> = ° 

= 35 kK) 

35<X-0.‘?y- 2‘J<X-^.»>° -/2<*-3.3>° kw 
+ 3S <*- O. ?>’ - 2V<x- ?■>>■ - 12 <X-3.3>’ kN-rn 
r O.q*,) - -(ttXo.3) - - fo.8 i-W-M 

» 8.1*1 M 0 * -(I2)C2.I)*SS 0-2) = 1 6.S-W-* 

: 3.3*0 Mg- -OaX-5.3^ +(35^2.0 -ttvXi.2) 


= I S'. 6 kW-«i 


|M \ -M6.S *»/•* 


PROBLEM 5.171 


5.171 For the beam and loading shown, design the cross section of the beam, knowing 
that the grade of timber used has an allowable normal stress of 1 .75 ksi. 






5.0 in. 

— | |— SOLUTION 

BT f? A - C3.5Kl.5-) * O 

R a =s S. XS (fW 

+t>TM*= o -M a - (r.«4')(3.5)Cl.S , 'i - O 

M a zr -21.56 KW 

Slofi&r* A S V ~ 5.75 k>ps 

V c - 5.75 - (3.SXIS ) = O cUJn 

Ar«O.S of 

A +*> 2 Svdv * (3.sVff.*sV- /?-38 

S +» C i V»i* * (i')(3.ryS’.JS) - =). l<? k«> -w 

8e*d;«^ M ft = -27-S6 k'pti 

M a - - 27.54 + /8.38 = -%l 8 

s - t ». IB + O oU./U. 

iMl- 27.54 k.p- fi - 330.7 k.-p i-i 


S - - 3S £~-7 - /g<?. o 

6^ >•* 

For *. cross sec^iov. S - *t 

d -J JT - 15.04 m. 






PROBLEM 5.173 

40 kN 


2.2 kN/m 



V(kV) 




(* 0 -* 6 S') 

i 3 .oa 

c 

a e 



(So-Hcr) 


-S 2 $F~ 




5.173 Knowing that the allowable normal stress for the steel used is 160 MPa,, select 
the most economical metric wide-Qange beam to support the loading shown. 

SOLUTION 

= O 

-7.2.R* f (3.6X7.2Y*.:0 ♦ * O 

Shcair: V A = ZXM to 

V ft - - 13. OZ kM 

V 6 * - I3.fr*. - 40 * - *6.?£ kV 

- -2.C.W - (2.7X2.*) ■> -37.92 kl/ 

On«Je/' V'a.vv^ 

A 4b 6 jV* 13,0 a Ip . 20.3*5 W>*v 

B4v>t jvj* •c&fcj'X-zc.ra- 39.fOs 





< 


nd*n^ K]^ = O 

r O 4 So. 2*5 <■ 20*86S kW-wi 
M c - *0.2*$"- SO.S4S - o oke.ks 


c - • 

j ~ 

O *M 

7 Z 

5 ha.t>e 

S (i o 1 

W q\o * 3 S .8 

637 

W 3 £o * 3 <* 

578 

W S/o > 3 S .7 

5^9 

W 250 x 44 . % 

535 

W Zoo * 52 

\S\ a 


Use IV 3/Ox 35.7 



20 laps 


PROBLEM 5.174 


S.174 Knowing that the allowable normal stress for the steel used is 24 ksi,.selcct the 
most economical wide- flange beam to support the loading shown. 



2ft 2ft 2ft 2ft 


SOLUTION 

By R» ' R. 

Vt7fr =0 f? A Z0¥ ffp = o 

P A r Pf r SO 




-O TMj.ro -(7)4s3)* (ffXaa)^0.5KaXiO ■* Mj « o 
Mj = 221. S k; f .«Pt -- 2658 

s -«* fe = 







PROBLEM 5.175 


mm 


5. 175 A machine element of cast aluminum and in the shape of a solid of revolution 
of variable diameter d is being designed to support a distributed load w as shown, (a) 
Knowing that the machine element is to be of constant strength, express d in terms 
of* L, and d 0 . (b) Determine the smallest allowable value of d 0 if L =250 mm, w = 30 
kN/m, and =72 MPa. 



SOLUTION 

“ R* r 

asm- 


(5<jx 





wL 

2 

= o 

4- 4 M - 

M - £ *0~“ yN > 


pov' cl soA>l cross* seopfo* C - ^ r c. " 


TT^ 3 

32. 




no!* _ iv x (l-x^ 

3d “ 


ol r - f ^ yyx 

‘ I IT 61m 0 


w* 


X” * o- 


A+ 

"Mu* cfcjh 


j ■ a - $s£y* <• • 




i , W(3DK/Q 3 yo.25oV r 33_\>\o*tr> * 3d I 
a » ir(i2xi o«o 



PROBLEM 5.C1 



Xr 


Pr 


5. Cl Several concentrated loads P, (i — 1,2,..., n) can be applied to a 
beam as shown. Write a computer program that can be used to calculate the 
shear, bending moment, and normal stress at any point of the beam for a given 
loading of the beam and a given value of its section modulus. Use this pro- 
gram to solve Probs. 5.23, 5.27, and 5.29. {Hint: Maximum values will occur 
at a support or under a load.) 


SOLUTION 

P£ACT1QN5 BT A ANJ> B 

h*)Z/V^ : ^ L ~ Z r F L( z r^ 


O' L 


L 


ft. 




. i 

4 


F 3~ 




f P i R B 

Wt USE 5TEP FUNCTi OHS (Sde bottom of page 3HB of text) 

tve pc five-, [px >a- THz* SlFp-i STPf\~0 

\rx > cu'f-L TliEti else 5TPe> = 6 

/Px > ^ TrtcW sTp(l).~ 1 ELSE. STP(l).=J> 

V - Rq 5 TPP+ P Q STP B ~ SPP (I) 

M ~ (x-a)57PPi +■ (x-a-L) 5 TPB~fP:(x~x.)STP(I) 
Q" - M/S^ Wh? r £ S fs ottainfol from fafpendi Y C, 

PRO&RAM OUTPUTS 


Prob. 5.23 

RA=80 . 0 kN RB=80 . 0 kN 


V 

kN 


M 

kN.m 


Sigma 

MPa 


2.00 0.00 104.00 128.55 <4 

Prob . 5.27 

R1 - 44.0 kN R2 = 16.0 kN 


Prob. 5.29 


X 

ft 

0.00 

1.00 

3.00 

9.00 
11.00 


5 kips 

R2 = 22. 

. 5 kips 

V 

M 

Sigma 

kips 

kip. ft 

ksi 

-25.00 

0.00 

0.00 

27.50 

-25.00 

-7.85 

2.50 

30.00 

9.42 

-22.50 

45.00 

14.14 

0.00 

0.00 

0.00 


X 

m 

0 . 00 
1.60 
4.00 
5.60 


V 

kN 


M 

kN.m 


Sigma 

MPa 


• 20.00 0.00 0.00 

24.00 -32.00 -31.07 ^ 

-16.00 25.60 24.85 

-16.00 0.00 0.00 



PROBLEM 5.C2 



-Hfh- 

II* 


5.C2 A timber beam is to be designed to support a distributed load and 
up to two concentrated loads as shown. One of the dimensions of its uniform 
rectangular cross section has been specified and the other is to be determined 
so that the maximum normal stress in the beam will not exceed a given al- 
lowable value ar^. Write a computer program that can be used to calculate at 
given intervals A L the shear, the bending moment, and the smallest acceptable 
value of the unknown dimension. Apply this program to solve the following 
problems, using the intervals A L indicated: ( a ) Prob. 5.75 (A L = 0.1 m), (b) 
Prob. 5.79 (AL = 0.2 m), (c) Prob. 5.80 (A L = 0.3 m), 

SOLUTION 


A 


5 




REACTIONS ft T A PHD & 

-f-yrA \=0: % b L ~P,(x i -a)~ F z (\-a.) 

- tf(Zy-X 3 ) (XjLtZs. - a.) =0 

%8 " f f p i (K a ) + \ (h - ^ i 

U/E US E STEP FO^CT! Pa/ 3 (See bottom of 3 98 of text) 


l/e, 

L 


* - 
% 


SF I or. r (a-t b + k)/tL 

Fon L =0 To. *1 : oc = (A L)i 

dzf/Nz : IF X >a rripn sTPA-l E.LSZ 5 TPF )~0 
K + L, 7 HEN STP'B = t CLSE, STB - O 
If X > x t THey st p i - / e siri •- o 
'L * ~ them ST pi = I else ?t?i= a 

,-*--*•3 ™C N STP3 ELSE , STP3 - 0 

in e,m 5 TPi-/ -/ EtSS 5TP^=0 


V - fy STPI°i t STP3 - P STP1 - P $ TTZ 

-4d(% -Xj) STP3 f FT (7-i-v)5TPT 

M - ft# (x-a.) sTPp ( x-a—L)sT?3 - p ; (z-zc,)btP/ 

~ F 2 ( x ~x z )STP 2 - S^UT(X-X^ 2 STPI +~^U-Xy) L ST?‘i 

IF UNkPdWN DiM^rfSi'ctf J s h i 
from S ~ ~ t h 2 ' , *4/e h - 1 jsS/t 

IF ON Kb/dtiN pnyprysiOtj is t : 

From 5 ~~ b h 1 ^ h#t/e t~ 6S/h z 

t> } 


(CONTINUED) 



PROBLEM 5.C2 CONTINUED 


PROeftftM 00 TWT3 


Prob . 5.75 
RA = 2.40 kN 


RB = 
M 


3.00 kN 
H 


m 

kN 

kN.m 

mm 

0.00 

2.40 

0.000 

0.00 

0 . 10 

2.40 

0.240 

54.77 

0.20 

2.40 

0.480 

77.46 

0.30 

2.40 

0.720 

94.87 

0.40 

2.40 

0.960 

109.54 

0 . 50 

2.40 

1.200 

122.47 

0.60 

2.40 

1.440 

134.16 

0.70 

2.40 

1.680 

144.91 

0.80 

0.60 

1.920 

154.92 

0.90 

0.60 

1.980 

157.32 

1.00 

0.60 

2.040 

159.69 

1.10 

0.60 

2.100 

162.02 

1.20 

0.60 

2.160 

164.32 

1.30 

0.60 

2.220 

166.58 

1.40 

0.60 

2.280 

168.82 

1.50 

0.60 

2.340 

171.03 

1.60 

- 3.00 

2.400 

173.21 

1.70 

- 3.00 

2.100 

162.02 

1.80 

- 3.00 

1.800 

150.00 

1.90 

- 3.00 

1.500 

136.93 

2.00 

- 3.00 

1.200 

122.47 

2.10 

- 3.00 

0.900 

106.07 

2.20 

- 3.00 

0.600 

86.60 

2.30 

- 3.00 

0.300 

61.24 

2.40 

0.00 

0.000 

0.05 


Prob . 5.79 


RA = 

2.70 kN 

RB = 

8.10 kN 

X 

V 

M 

T 

m 

kN 

kN.m 

mm 

0.00 

2.70 

0.000 

0.00 

0.20 

2.10 

0.480 

10.67 

0.40 

1.50 

0.840 

18.67 

0.60 

0.90 

1.080 

24.00 

0.80 

0.30 

1.200 

26.67 

1.00 

- 0.30 

1.200 

26.67 

1.20 

- 0.90 

1.080 

24.00 

1.40 

- 1.50 

0.840 

18.67 

1.60 

- 2.10 

0.480 

10.67 

1.80 

- 2.70 

0.000 

0.00 

2.00 

- 3.30 

- 0.600 

13.33 

2.20 

- 3.90 

- 1.320 

29.33 

2.40 

3.60 

- 2.160 

48.00 

2.60 

3.00 

- 1.500 

33.33 

2.80 

2.40 

- 0.960 

21.33 

3.00 

1.80 

- 0.540 

12.00 

3.20 

1.20 

- 0.240 

5.33 

3.40 

0.60 

- 0.060 

1.33 

3.60 

0.00 

- 0.000 

0.00 

Prob . 

5.80 



RA = 

6.50 kN 

RB = 

6.50 kN 

X 

V 

M 

H 

m 

kN 

kN.m 

mm 

0.00 

2.50 

0.000 

0.00 

0.30 

2.50 

0.750 

61.24 

0.60 

9.00 

1.500 

86.60 

0.90 

7.20 

3.930 

140.18 

1.20 

5.40 

5.820 

170.59 

1.50 

3.60 

7.170 

189.34 

1.80 

1.80 

7.980 

199.75 

2.10 

- 0.00 

8.250 

203.10 

2.40 

- 1.80 

7.980 

199.75 

2.70 

- 3.60 

7.170 

189.34 

3.00 

- 5.40 

5.820 

170.59 

3.30 

- 7.20 

3 . 930 

140.18 

3.60 

- 2.50 

1.500 

86.60 

3.90 

- 2.50 

0.750 

61.24 

4.20 

0.00 

0.000 

0 . 06 


PROBLEM 5.C3 





5.C3 Two cover plates, each of thickness r, are to be welded to a wide- 
flange beam of length L, which is to support a uniformly distributed load w. 
Denoting by tr^i the allowable normal stress in the beam and in the plates, by 
d the depth of the beam, and by l b and S b , respectively, the moment of inertia 
and the section modulus of the cross section of the unreinforced beam about a 
horizontal centroidal axis, write a computer program that can be used to cal- 
culate the required value of (a) the length a of the plates, (b) the width b of 
the plates. Use this program to solve Probs. 5.155 and 5.157. 

SOLUTION 


(a) Re. uired Length of Plates 

1 1 


| ft 

1 I>B 

3 Vo 


Ffi= A3>:#Z '‘Id -O' Hj+rtz (f)~ K Z = o 


But: mi At v - SC- dL 


IC-R'WL Lx. + (2 5C H /ds) =0 . 

2 x*-Lx + k - o _ 

Sol^in^ ej\Ja d ratio / x — C- ~ Ak 


X>/iide by j- ■iB* 2 

Set k - 2_SGJh 


Compute % 


CL- L - z x 


(£>) Retired WiclHi of Plate t 
At midpcmt C beam 1 - 

£ RB=AC:->'*)1.A-o: M.i ML l 

^ I )M C Compote - < 4 atC 

h r ^ Compute C -z t + ~d 

* s: i'“ xL From <%/= &£■ compote I = A 0 

i , ^ Q*// 

1 1 Sohttnj ft>r b A . ■ C (I- T h ) 

PR. 0 &KftM OUTPUTS , . 

PR 0£>, Si 155 i w 4^0x7^ Off- JSOMhk, fRQj), 5JS12J W 3 0*39, ^tg r .22 k$i 
Vs 40 kN/m, L - 8m., t- 7 t 5m 30topy ft, L- J£>ft> t-S/s\n, 

d~ 457^^1^- d.~2&65ir\^l^T 2,930 in\ 5- Z&n 1 


Prob. 5.155 

a = 4.49 m 
b = 211 mm 


Prob. 5.157 

a = 11.16 ft 
b = 14.31 in 



PROBLEM 5.C4 







5.C4 Two 25-kip loads are maintained 6 ft apart as they are moved 
slowly across the 18-ft beam AB. Write a computer program and use it to cal- 
culate the bending moment under each load and at the midpoint C of the beam 
for values of x from 0 to 24 ft at intervals Ax = 1.5 ft. 


SOLUTION 

Notation: Length of- beam - L - fBft 
Loads- V r P - :p ZZ 25 k'P* 

Jb'istaurc. . bet-^terx /bade, ~ ct - & ft~ 
\Ht note that dL<L/z 


Cl) FRom x = o. to x. cL ’■ 
?(L~x)~R ft L‘~0, 

6 V .= P(L-x.)/l 


Undo- V,S A1^ r 2 
Ate: Ai c r e n (L)-r(£-x) 


Cl) F Rom Ac = cL to x ~ L..: 


^ N - ' • t\ O I 

+; s -o: P(C-xh P(L~X+d)-R h i~(b 
%a~ P(ZL -Zx-td)/L 

Under p <: M, r ^ x p d 

Undtr f> ; A l z - ^ (x~ d) 

Ctd] fpoM X ~ Cl TO X: L/l \ 

**($)- rq-xTrn-x+ri 

^ R n (Vi) -?(L-ZX + ci) 

(ZB) FZon to L/l TO X=Lh id: 

Af C ~ R a( V i) ~ P(i ~*t d ) 

UQ FSOM X - Liz id. To Z=L: 
n c T. J? fi L/2 

(l) FRom X = L TO z=l + d: 

O Zw B - 0: P(L-x-tdL )-\ l - o 

P(L-Xdd)/L 

Under T[: A1 z r (x-d.) 

Ate: ^ c ~.R n ( L/z ) 


(CONTINUED) 



PROBLEM 5.C4 CONTINUED 


PRC3GR An 0V-7TUT 


P = 25 

kips, L * 

18 ft, D « 6 

ft 

X 

MC 

Ml 

M2 

ft 

kip. ft 

kip. ft 

kip. ft 

0.0 

0.00 

0.00 

0.00 

1.5 

18.75 

34.38 

0.00 

3.0 

37.50 

62.50 

0.00 

4.5 

56.25 

84.38 

0.00 

6.0 

75.00 

100.00 

0.00 

7.5 

112.50 

131.25 

56.25 

9.0 

150.00 

150.00 

100.00 

10.5 

150.00 

156.25 

131.25 

12.0 

150.00 

150.00 

150.00 

13.5 

150.00 

131.25 

156.25 

15.0 

150.00 

100.00 

150.00 

16.5 

112.50 

56.25 

131.25 

18.0 

75.00 

0.00 

100.00 

19.5 

56.25 

0.00 

84.38 

21.0 

37.50 

0.00 

62.50 

22.5 

18.75 

0.00 

34.38 

24.0 

0.00 

0.00 

0.00 


I 

i 






PROBLEM S.C5 



5.C5 Write a computer program that can be used to plot the shear and 
bending-moment diagrams for the beam and loading shown. Apply this pro- 
gram with a plotting interval AL - 0.2 ft to the beam and loading of (a) Prob. 
5.83, ( b ) Prob. 5.125. 


SOLUTION 


A 


R 


2‘ 

. i ii 

j 


1 


j 


>P 

-H 


R 




•REACTIONS fir A B 
USING, F3 SlAS-RnM OF BIPH .• 

0 - Rg L -r ?t> - MSa(<x/z) ~ 0 

K b =(l/L)(Pb + ^ura‘J 

r a - ’ 


lA/£ USE 5 i iSP F dpCiiQN S . bofto/n of pa^e 348 of 
SzT tl-L/AL. FOff L 6 TO 'H : x •=. (A L) i 

WE -DEFINE: IF x > a THEN STPA- ' Et-SC STPF-0 

b THEN STP3- / ELSt STp^-O'- 

V - R a - Pstpjs 

M r - i-^x 2 - (X-afSTpp - r(z-'b)SrP3 
LOcnTt and PRINT (x } v) /W (x > m) 

SEE NEXT PP\GE$ FOR. RROfeRAM Oi'TPUTS 


(CONTINUED) 




PROBLEM 5.C5 CONTINUED PROGRAM OUTPUT fOi? TS. 83 


PROBLEM 5.83 

RA = 48.00 kips RB = 42.00 kips 

Shear Diagram 



Moment Diagram 



(CONTINUED) 







V(ft) 


PROBLEM 5.CS CONTINUED 


PROGFftM O^JTpor FOR P5, !25 


PROBLEM 5.125 

RA = 40.50 kips RB = 27.00 kips 


Shear Diagram 



Moment Diagram 







PROBLEM 5.C6 


5.C6 Write a computer program that can be used to plot the shear and 
bending- moment diagrams for the beam and loading shown. Apply this pro- 
gram with a plotting interval AL = 0.025 m to the beam and loading of Prob. 
5.124. 

SOLUTION 

Reactions at a anv b 

o: 

Pg L iR B -/fy - ^(b-d)^ fan b)-0 

R £ -(ZO{y\ r h^i«T(b*-ct)] 

~ MT(b-a-)- R 3 


\AS Z U 5 £ SJt-P FUMCI lOtiS (R ee bottom oi fci<j e af text) 

Set 'tl-L/al, for? t - o to -n/ x=(£L)L 

W£ MTini. • IF X>a. then STPft = / E LSI 

IF x>b THEN STpB=l ELSE RlPB=0 
V ~ Rfi - 4 rf(X~a)S TPA +wr(x-t>)$ TP& 

LOCHtz /\|VP PRINT (z / v) AKP (X,N\) 

PR 06 RAAA OUTPUT ON NEXT PA&E 



(CONTINUED) 





PROBLEM 6.1 



^^pssSSSssi^ 

SOLUTION 

^ - HC 5 tV a ?2.|?S*x/o s 

if '"■' 


- 2 *. USx/ o~ c n ¥ 


A = (loo)(s<>) r sooo 


, r So mi** 


Q.- Aj, - 2So*/o x 


= £5o */o‘ G nv 3 


V Q _ (/5o^ )Uro y/g** ) 

■£ 28. IIS' * /0“ 6 


% 8 

£ s = 2 F^, 


3 = 


^F. 


»»■/ _ 


fr 


\3.333x/o s fV/ M 

C^X'loo') 

t3.333*/o< 


60 x /o~* ^ 
r GO Mim 


PROBLEM 6.2 



6. 1 Three full-size 50 * 100-mm boards are nailed together to form a beam that is 
subjected to a vertical shear of 1 500 N. Knowing that the allowable shearing force 
in each nail is 400 N, determine the largest longitudinal spacing s that can be used 
between each pair of nails. 

6.2 For the built-up beam of Prob. 6.1, determine the allowable shear if the spacing 
between each pair of nails is s = 45 mm. 


SOLUTION 

I = T OooXlSo) 3 r Wo 4 

= 2%. MS’ 



A - 0 oo )(S‘°^ r Soco Win'* 

“ SO 

Gi “ A5, r 2So * lo s ***? = 2So'«ld‘ c wT 




VQ _ 2 fw 
J * S 

y= 3 I Fw* _ C2 )(22.i kio~ 4 )(^qc>) 
Qs “ (^5bK|0~ 4 )(£)5*x/o’* y 

- 2 X 10* N - 2 VN 


PROBLEM 6.3 



6.3 A square box beam is made of two j x 3.5-in. planks and two 5 -in. 
planks nailed together as shown. Knowing that the spacing between nails is r * 
1 .25 m. and that the vertical shear in the beam is V- 250 lb, determine (a) the 
shearing force in each nail, (£>) the maximum shearing stress in the beam. 

SOLUTION 

r * £ A* - 

= - -j^(3 ,S)(&.S)* - 3%Si& in * 

A ' - Z. 1 S U' 









1 




J 


2.S - f =■ 2. 1^5- 


Q., r Ay, * (3.7£)(2. \7S) ' 7. 9C9 in’ 


% 


. va . (zs©)(7.*4«) ... 

' ^ W.S7Z — 50.S»/tAn 


1.1S 

K. 


3 z R.* 
WZZZZZZH 




T 


F„;J = ^ - <^m±3S) „ 315 ' J L 

tb") Qj = <3, 4 ptKi.-zs’X^Kojtf.r') 

- 7.769 -4 3.717 r |0.2« 

t -- i.r 

y - VQ - (?-S~o^0o.2g6 ) _ 

Xt ( M.ST&Xi.s ) " 


m 


*3.2 pa ; 



PROBLEM 6.4 



6.4 A square box beam is made of two \ * 3.5-in. planks and two x 5-in. 
planks nailed together as shown. Knowing that the spacing between nails is s = 2 
in. and that the allowable shearing force in each nail is 75 lb, determine (a) the 
largest allowable vertical shear in the beam, (b) the corresponding maximum 
shearing stress in the beam. 


SOLUTION 

I - i - £ UK’ 

= b(5)(S? - ±(s.S)(.t.S) i - 31.S7& m 1 


"j 

'sy/z/M/z 

— 




<0.1 A * {?)($ ) r 3.7ST 

5,- S.S -- 1 - Z. IRi" in. 

Q, - Ay, - (3.75K*.iaS) r 7. 96-3 m* 

r r 7S" -/£//» 



V - - <'39.57^1(75') 

‘ ' 1. Itl 


372 A 



(fel Q - Q, 7 UKi.7sK4V6.87s') 

- 7.949 ■* 2.297 - Id. 266 in* 


t - UV-4) * t-5- 
y - VR - C372XIOU6C) 

Xt (37.578 5) 


64.9 


P‘‘ 




1= TAJ" 4 zi 


6.5 The beam shown has been reinforced by attaching to it two 12*1 75-mm 
plates, using bolts of 18-mm diameter spaced longitudinally every 125 mm. 
Knowing that the average allowable shearing stress in the bolts is 85 MPa, 
determine the largest permissible vertical shearing force. 


SOLUTION 


13*? 



o? mev-"k|<a. 


fVf 

A 

e) (whm) 


I (IoSm*") 

lop pJcjtc 
WW6*44.8 

f3ot\ 

2loo 

5U0 

2.loo 

i 

13T 

0 

♦ 

40.S7H 

0 

HO.S 7* 

0.025 

*71.1 

0-0*5 

X 

«* 


-81.148 

7Ujr 






152. 3o x JO 6 

- >S2.3g*Ig' < ‘ m V 



Q. r A fU. - (2IOoKf3*) ' Z'il.ltto* -- Z9I.') x/o' 4 m 3 

A Ut ' f dJt ■ 8 «/o'‘) X * 2 S* 4 . 47 */cT‘ 

• X#A ut f (8 S»IO*)(2Si.*i?*lo“) r Zl.e3»lo i N 


o r r (?X3J: t3 *'? 3 2 = 346. I x/o 1 M/m 

P S UJk/o ' 1 

V t? v . „o.,.,o»n 


180. € kM 







PROBLEM 6.6 



W250 X 44.8 


6.5 The beam shown has been reinforced by attaching to it two 12 * 175-mm 
plates, using bolts of 18-mm diameter spaced longitudinally every 125 mm. 
Knowing that the average allowable shearing stress in the bolts is 85 MPa, 
determine the largest permissible vertical shearing force. 

6.6 Solve Prob. 6.5, assuming that the reinforcing plates are only 9 mm thick. 


SOLUTION 


P*yT 


<s) (**0 

A ( 90 c m*\ ) 

Top pJo^C 

\ SIS 

* 137.5 

X 6 ! .777 

wasoxm.fc 

5 7Zo 

0 

o 

3«t. pWt 

IS 75 

137.5 

7^.777 

1 



5^.555 


Topple. 1575 * 137.5" A<?.777 0.0)1 

57 Zo 0 O 71.1 

Bot.pWe IS 75 137. S 77.777 0.01 1 

^ S 7. SSS 71 .12 1 

* J ■ ♦ r ? 137.5 M~ 

I = HAJ 1 * Zl *• 

Q. “ AfjJ* 5 05750(137.5 ) -- * /o 3 ^ =• Z I 6. 56 * 1CT C w*' 

' XiiAurt =" (8Sx/0‘X25V.*f7'fo-‘) =- */.63*/o J N 

„ = , (*X*HSx|£ ) , 3<)6. ) x/o* N/k, 

0- S 1*5*10-* 


. vo. 
T 


: I* r {'30-C&XIO C )(3^I^) „ ^ 


2/&.S4 *7o 


ar ZO^ UM 



PROBLEM 6.7 


C 8 X 13.73 


S10 X 2S.4 



L 


7 ZZZZZZZZ\\ 


r-T 

4 f 

i i 


6 . 7 and 6.8 A column is fabricated by connecting the rolled-steel members shown 

by bolts of j -in. diameter spaced longitudinally every 5 in. Determine the average 
shearing stress in the bolts caused by a shearing force of 30 kips parallel to the y 


axis. 


SOLUTION 
Ge ©*V\ 

~ + 0 . 30 % r S. 303 in 
X r 0.533 i- 

* -T - x r O.S33 “ H,77 © i* 


Rw+ 

A (m*'l 

cK.vl 

Ad* (iw* 4 ) 

I (m") 

C 8 * 13.75 

4.04 

4.77© 

41.72 

1.53 

SIO*25\4 

7.4* 

o 

o • 

UH 

C 8x13.75* 

4. cW 

4.7 7o 

41.4* 

1.53 

X 



183.81 

127. *6 


I * ZAdN XI - 183 . 8 ^ 4 137.06 - 310.9 ,V 

Q. " A y, - (^.O^)(^.77o) r 19.27/ in* 

* 


V Q 




I ' 3lo = "I* 

Fb.w * i $.s * (iX/.8s < rs-Xi''i * 1.4H1 k. P 

Aufr - f elfc.<t * -?(h) x r o.t<ns 

r 10. kfcl' 


7fc.fr 


r Pwit- . 

Atfrjr 0,'t‘Jl? 













d r % ♦ i(V 

= S.IZIS in 

-- 

X » Taj* 4 *211 


d 7 and d< A column is fabricated by connecting the rolled-steel members shown 

by bolts of 1 -in. diameter spaced longitudinally every 5 in. Determine the average 
shearing stress in the bolts caused by a shearing force of 30 kips parallel to the v 
axis 

SOLUTION 




p<w-t- 

A C** 1 ^ 

d 0*^ 

Ad 1 Civ.-) 

I 6*“) 

Top 

5.25 

V.18^5 


0.04 

c 10 * 25 

7.55 

0 


^1.2 

c 10 ><25 

7.55 | 

o 


qi.2 


S’. 25 

*5.»8?S 

HL2S 

0.04 

i 

T 


I | 282.54 

182.52 


282.54 ♦ 182.52. r 445.0 8 »n v 


a- A,*,}, =(5.ir)(nw) r 



va . 

( 30 YX 7 .Z 31 ) 

r 1.756 7 U.ps/in 

fr ‘ 

i 

445 .c>g 

Fun 

c H s 

. (iVl. 7 S 67 )(s'l - ». 3 n kf 


- *aj) 

- 5(f) 1 

r 0 . 99)3 »n X 


T fkt 

H.S 92 

r 9 . 9 ^ As,' 

Aw.lr 





PROBLEM 6.9 


15 kips 20 kips 15 kips 

ft. I I I 


6.9 through 6.12 For the beam and loading shown, consider section n-n and 
determine (a) the largest shearing stress in that section, ( b ) the shearing stress at 
point a. 



0.375 in. 


2ft 2ft 2 ft 2ft 





^ |- — 10 in. — *| kp- SOLUTION 

lui '| j" »^j x 

0.375 in. —l - I - o 

— Jl £ A + t? 8 - is-po- K * c 

06 P* - Pa ' 25 k: ? 4 
F\POWa shfitftiA V = 3 o k.’p* cc\ n . 


SOLUTION 

6 -j sy P* x F* 

^ITFv - o 

£ A +£ 8 - IS-PO -/5 * O 


- to 
- 25 “ 




pA/“t 

A 6V> 

d Gr.1 A/C») 

I6V) 

Top 

G 

4.7 132. £4 

CUB 

WeG 

3. So 

0 0 

21.30 


G 

4,7 \3?.SV 

0. )9 

t 


?4Co8 

Z\.QL 


Q.-- lAj © 

- 31.83 iV ® 

t -- 0.37S- In 2- 

. _ V g.„ , (asY3).aO 

' It " (2S6. 7*0(0. S75') 


i-- 

2 Ad’ « 

II - 

ZW>J + 


A(.V) 

yO^ 

Ay (in‘) 

© 

£ 

4.7 

28. 2 

© 

\.&s 

2.2 

S.C3 

T 



31.83 


7.^0 V*i 



t - 0 . 37 S in 

VQ 


Pari- 

AtinM 

y ('<** 

Ay <«0 


G 

4.7 

28.2 

(3) 

0.15 

4.2 

0.63 

r 



28.83 




It " (2gC.74)(0.375) 


- G.70 ksi 






PROBLEM 6.10 


10 kips 10 kips 



16 in. 12 in. 16 in. 


V 




6.9 through 6.12 For the beam and loading shown, consider section n-n and 
determine (a) the largest shearing stress in that section, ( b ) the shearing stress at 
point a. 


SOLUTION 



♦ 4 in. — *J 


iBy 

1 f? A + S e - 10-/0 = ° 

R» » P* 1 >° L>. 


fron, He V - 10 k.ps «.+ n-n. 

I = is 

- fcOtKl)*- £(a)(3')* - \H.SS 3 .V 

Q. - A, y, -• A, j, - ♦ ftKiMXO 


- 4 .CZ 5 " '*>* 


4 - JL + J. T 

t- t. + a. 


VQ . (toWM sL _ 3 , 7 . . 


Ay - WHl'Kl.7s1 * 3.5 in* 


a + a * i in. 

V Q, _ Qpys.s *> T 
1 t ' (14.5*3X1 ^ 


Z. 4C> k%i 



PROBLEM 6.1 1 6.9 through 6. 12 For the beam and loading shown, consider section n-n and 

determine (a) the largest shearing stress in that section, (b) the shearing stress at 
point a. 

0.3 m 




I * 1,^1, 

- -k k.V 4 ( la k A* * 

r ± ( Ioo)(ISo) % 4 nltiiX&XlZ) 3 * 

* 2f./*fn/0 4 4^ 0.06 4 7.ZSCC *io c ] 

- 3rS**iO l r 3%s* v/0* M 9 





- (Jc>o)(7S)(&S) 4 (2)(So)(i*)(Cl) 

r 3 CH.OS'xlO* w» a " 364.05" */o' c m* 
t " loo *n<M\ “ O, lOO m 


(|Q*JQ 3 )(3CH.OS*lo- 1 ) 
52*10** )(0.\oo ) 


°llO v/o 1 P<c = kPo. 



Q - A, 5, •* 2 A,y t 

= (looXVKss] + (2XS'oX'i)( <: ‘?') 

= 302.8 * /o 3 - 3o m 3 



t - 100 » O. loo *0 

Oov|p % X3o2.B*lP" c ) 

( 39.58 * 10 '* X°* l °<>) 


7 65*10* - 765 kP* 





9 through 6 12 For the beam and loading shown, consider section n-n and 
PROBLEM 6.12 determine d) the largest shearing stress in that section, ( b ) the shearing stress at 

point a. 




SOLUTION 

A+ sec+ioM n-n V r >25 kN 



I, 

I, 

I, 

I 


^(isoXcl 1 4 * il. no* io‘ 

X (t'jcaof - ) 1 = 4. 244?*/©‘ Mm* 

4 I, + 21, + I, 1 37.77 x/o‘ 

r 37. 77 * /t>-‘ m 




v 

9 


4 


9 





VQ 

It 


a- XA % y, ♦ A 2 y, 4 A s * 

r yoOa'lOsri + (isoX^Xto^ t CGXioaXs'f') 

_ 206 . 32 * lo* ' 206 . 32 * 10 *' rn H 

t - 6 *** * 6 v/ 0 ' S »v, 

Ma5<io*X2Qt.»it»io~‘) ■ nv. I X 10* P-. - 1 14. 1 MPa 

(37 J7* * io - * } 


, ( aro<7 OsoXOdos) « I7^'»'^*' r ,7 ^' 


t 

r - 


~ G mi 


6 * Jo"* vti 


\/ a (125 x IQ 1 )(l7S.CI "IQ * ) 

It * C^-77’‘fC ffc ^C‘i * 


9£.9*/o‘P<l - 96.*? MPa. 


n 


PROBLEM 6.13 



* 


di r 


IS 7 IS - 
2 * 


136 mm 


I - TAJ' + Zl 


6.13 Two steel plates of 15 * 220-mm rectangular cross section are welded to the 
W250 * 67 beam as shown. Determine the largest allowable vertical shear if the 
shearing stress in the beam is not to exceed 100 MPa. 

SOLUTION 


Ca.Jcw» JJ' O'? 


p^+ 

A Um 1 ) 

d (*nm^ 

Ad* (iO l 

HI 

K 

Top pWe 

3300 

* \3C 

41.034 

0.062 

W 250 x 67 


0 

0 

104 

Bo-i. pJM-e 

32)00 

134 

6 t . DS6 

0.062 

J 



122.072 



r 3.26 . 2 * /o 6, •vum'* - 226.2 y JO ^ 


,0 


■* 


■0 


Q - za^ = 


Par-T 

i 

< 


Ay (lo'< 

© Top piL4t* 

33oo 

136 

448.2 

® T.p 

3203 

120.45 

3*6.4 

(2) web 

1004 

SC Mo 

56.6 

z 



84- 1. g 


89J.8 - ^UKio'^ 1 


t * t„ * 8.* 


8.7 x/o" X 


r. 


IHOVt 


VQ 

It 


V - 


itr— 

a 


( 224,2 WO * )( 8-9 Wo~* ) (loo »;o* ) 
^I.SWO' 4 


226 */o* N 


224 kW 





PROBLEM 6.14 
— 220 mm — M 


W250 X 67 



10 mm 
J&'mm 


257 mm 


, , ♦ fK X womin rectangular cross section are welded to the 
%£%££ determine ^ = Uowab,e verttcal shear a the 

shearing stress m the beam is not to exeeed 100 MPa. 

0 , d. n a n assuming that the two steel plates are (a) replaced by steel 

secuon, (6, removed. 

SOLUTION 

C'JtcolJe wio-rert of C«€^I4 for 


Part 

A C»*^ 


Ael*(l0‘^i 

X (lO # 

Top pitat* 

I 

*\iz.s 

r\ 

Z°lAo^ 

o 1 

O.OlS 

\oq 

w 2Sb* 6 7 

got. pJ?<t+«> 

2^oo 

k JS3.5 ! 

3*1. to* 

O.OI* 

2 



72 . 4a 

104.04 



I e 1h^ X + 71 = T '82.46*/0 ^ 


js,(»n‘)| 5 A .yClo 1 ^^ 


© Toff kte noo \n.s 

® -Z ««»y 3203 I20-6S 386.n 

St.^o S6.e _ 

_ 736-7 


Q.= Jtj r 7SC.7»>0>^ * 736.7w/c“ «* 

t = tw - 

HX-~> f\32.M6<lo'*^ g -‘ f> lo' t ^ fooy *° t - - ZX0*\O N r 

V r £ " 736.7 */P' 6 


, , V£ 

K,^ JJt 


(t) I = \0t *>0 , ‘ 


X lo’ 6 W V 


<W4«r a f- +*P«*"3' «"J Wtt> i , 

Q. - K$t + ^3^1 ' 3 ^* = q<*3 * fo* 4 ** 3 

T j, r ^ (^d ^^M^g^ylcrMOoovlQL) =• 204 * l<? N M 

V r ^ r 443 X tCT* 




PROBLEM 6.15 

1.S kM 3.6 kN 


— -- *M 

r ci 

i 


kn 

tatMiffwS 

c 


1 * 


* at . theaIlo y able ^5^8 stress for the timber used is 825 kPa 
ctwek whether the design obtained for the beam indicated is acceptable and, if not 
redesign the cross section of the beam. Consider the beam of (a) Prob. 5.75, (b) 

40 mm (.CL) SOLUTION 

JI* Fro*. ioiu-fi'ovN +© PROBLEM 5. 7 S' 

' l v L** r ZA V) = 173. Z 

A = U* AoKns.z) - 

* £12$ *to~ c hi 1 


Fot^ o. c»*o$$ seciit* ^ 

^ W * lo* , 

“ 2 67^3 xio" 4 ~ £20% Jo P<l ; kP«. 

De&i^tt *s cLc.ce^*f 


■ , , , , *!**« I , . , , t 12 ,° r (b) SOLUTION 


*26' kP*. 


h Fro*, soJfoh’o* Fo PPo8l£M sF % 76 

In/L. - 2S kN V)-- 36 1 
A - fc>h * (/a.0 Ksc 1 5 - ‘♦3.3Jx/t> 1 »*, 

r HI. $2* to * ^ 


■y _ ^2. I Vl *> 


For a. rec/U*joAr cross sccften - -f- ■ —» 1 — 

M 

' r '~- ~f ~ 8(,S*lo' pc, , 86S kPc > 8*5 k?c 


Design IS Mof CiXCtf’its tie 




2 ^Sk/o 

~ 4v> , ^ S" X / o ynkvi 

In ^ A ^S'.VS'X/O 1 

n t ■ nrs — r 


3~7^ **> *i 


V> ~ 37 ^ 






PROBLEM 6.16 




6 16 Knowing that the allowable shearing stress for the timber used is 130 psi, 
check whether the design obtamed for the beam indicated is acceptable and, it not, 
redesign the cross section of the beam. Consider the beam of (a) Prob. 5.77, (ft) 
Prob. 5.78. 

(a) SOLUTION 

- k * s.c 

Pro*. +» TtfoSLSf*' S.l 7 

CL - e. C7 .V k - A.* ’ U4.4C 

A 

Y - s: Or 111!? * U/.S” p*i * ^ ° P %< * 

2 4S.«tr 



Desian *‘s *.ccep+^ k,?e . 


200 lb.1t 



I 

T 

-ITT- 


5 ft 



b 

■*i h 


2b 


M SOLUTION 

F>o~ soW.W +* m>BI-£M S'. 78 
WL*, - iOOO Jk b~ i»' 
A “ (bK^t) * 2.b* r «"* 


por reef**^-*'** cross section ^ ft 

y ? 1 |Q ££- , *£.3 psi <• *30 

2. i 7 .4o r 

Design is <cc cepf^t/e. 




PROBLEM 6.17 


90 kN 

90 kN I I I 90 kN 

Bf cl d| 


l *1— >1 
0.6 m f 0.6 m 
0.6 m 


6.17 Determine the average shearing stress in the web of the beam indicated and 
check whether the design obtained earlier for that beam is acceptable, knowing that 
the allowable shearing stress for the steel used is 100 MPa. Consider the beam of 
(o) Prob. 5.83 , ( b ) Prob. 5.82. 

(a) SOLUTION 

Fro * n H« S.SI 

Wl**, - I SO kN 

TV»< St Jeered or W HIO * GO 


For Hat secH©*> “ 7.7 >■*** of * wm 


A wel» ? d ~ 3 . 1 3 # IO ' mm* * 3. 13 v jo 

/V - _ 180*10* .. . . i 


-S X 


V I mu , 
A web 


2 9 {i"VlO-' T S 7 -** 10 ' P * * S7.t Mpu. < too MPc, 


Design is a.cce^*f 


r-. ■ , . (b) SOLUTION 

Fro*K +l»« solo 4»Vm to P/?o8L£M 5.82 

**o IT 'VU, ’ «okV 

Tkt section is W 25*0* V 

For Ha.£ Stctior t* r m* d t 7.GO him 

A^et T * {GA)(SMo) r * ICC 4 / * /o" fc 


ICC 4 / */o‘ fc 


r “* = XT T P* * «.l MP* -c ,OOMP* 

Design /s A^cej>4 






PROBLEM 6.18 

24 kips 


6.18 Determine the average shearing stress in the web of the beam indicated and 
check whether the design obtained earlier for that beam is acceptable, knowing that 
the allowable shearing stress for the steel used is 14.5 ksi. Consider the beam ot (a) 
Prob. 5.83, (fc)Prob. 5.84 


1 


2.7 kins/Tt 


(/*-) SOLUTION 

fVo** + ke soiu4»'o^ 4~ PROBLEM 

WL.y r ** k ‘‘r 

T Ke seiec4eJ secVo* Vs/ 'll * Z 1 * 

F«- FUi s«c+«~ tw= O.4£o .v, dr 26.71 .v 

Awa, r td * (o.44olC? 6.70- >2. *®l I* 1, 

\VL., 48 


n 

, I 

m 

n 

■ 

1 1 1 1 1 

MHBB 

1— 9 ft — * 

B t*4j 

15 ft 


f 




>3 <xccef>4 . 


3.^1 k*.' '*4. S' k*. 


0.5 kip'ft 


1.5 kips/ft ( SOLUTION 

He So/oh'o* 4o ?R06L£M 5.8M 

\V\ • iO sKo.s + ir) - /8 k-f» 

Tkc seJ«c4e*J see+t©* W I2 y ^° 

F ~ +U+ S U - o.sss dr I7.M.W 



A «veL 


r. 


= t w c* « Lo.zssXi?-*"'* y 6.39 

|V| >8 - 

- - - g.V* 


A wki 

Design «s Accep4<vloie • 


7.S2 ks* 


< iV.^ /<»»' 



PROBLEM 6.19 


■U2 — H 

mm* II* 



6,19 A simply supported timber beam AB of rectangular cross section carries a 
single concentrated load P at its midpoint C. (a) Show that the ratio r„ !a m of the 
maximum values of the shearing and normal stresses in the beam is equal to h!2L, 
where h and L are, respectively, the depth and the length of the beam. (6) Determine 
the depth h and width b of the beam, knowing that L - 2 m, P = 40 kN, r„ = 960 
kPi, and a m m 12 MPa. 

SOLUTION 

^ "9/2 

to * e* * | 

W A - bV> ■Po* sed'ie* 

*£* 5 ■jp 9 4W r4cfa*.v\^oJ}i*+ secft'o* 


-9/2 


PL/V 


M M 


- £L 



(*D S a WV> po/* i^ecfecn^ o^u 


* sec 


•*fr on 


ccn e; 


NLj _ 3PL 
S “ 3IE* 


( a \ r Jl 


S'A/.'m ft* h = saowo 1 w. 


U x/O 4 * 


Solving (3) ■£=>** b 

L . 3P , (3X*fo*/c> J > 


Hh tU ft U3*t> * X'teo “to 5 ) 


- 320 MN 


r <?7.7 “ /o‘ 


- 97.7 hi. 





-*1 -<l 


PROBLEM 6.21 


6.21 and 6.22 For the beam and loading shown, consider section n-n and determine 
the shearing stress at (a) point a , (b) point b. 


ZOO kN ZookH 



150 mm 


0.75 m 


0.75 m 



50 mm 


SOLUTION 

Pa * Pa - kW 
Ai sect n-n V- Zcoky 


75 mm 75 mm 75 mm 


© 




Pa^t 

A £*.„*) 

^ (w,«) 


d C w 'i ,w ' ) 

AJ' (!«*•».*> 

Hi 

/■% 

0 

1 

® 

© 

11250 

11250 

ISS 

25 

IH06.25 
28/. 25 

5o 

>To 

28.125 

28. <25 

XI. 044 

7. 3<H 

I 

72SOO 


1687.5 


56. 25 

23.438 


(a") 



& 

hr* 

l®0 



v - _ 7C 

‘ ’ 22«Too _ “ 

^ = **m - 7*7.688x10* w** 

Q* r * (7ff)<£oW<>0 r 37S * iO**>n r 373" x /O^ 

t “ 76 »•» * 75” v /O tv, 

f , g l9 5ffy|o‘P. 

* at (7S.7S8 W'‘V7CyiA-J /Q r* 


2 /*.« MP^ 


Cb) 


0 


7 S 


Q*- Aj * Cl?)(lOu)tis) - 562.S*to % Jt 56?.r*/o“V 
"t* " 75” im*, ~ 75” * /o ^ 

r , V&, _g0OWP*)CStf.5K/O-*) _ CO 

it 0<i.c8S*j<r*)(7Sxio-') ■ 18.^2 x/on5 

“i8.8ZMPa. 





PROBLEM 6.22 


25 kips I I 25 kips 




20 in.-4* — >4— 20 in.- 

10 in. 


6 21 and 6.22 For the beam and loading shown, consider section ihi and determine 
the shearing stress at (a) point a, {b) point b. 

i SOLUTION 


7j 25 in. jj m 

fto—j i- -I (->• 


R^ - R* ~ k\ps 
/W Sfie.'Ko*' r>-n V = 2S 


Uc«U ce*W«l a «\ aiwWt •* * , . ,,| 

O P...+ I At.^1 m AvO^ |j0llA £6£l-i£2li 

n ^ ~~T 1 rt', 4 S75 6.i7S 33. Si X.iM 2H - SS °' Xh 

Tj'Klr^ — 15- 7 s~[ 7?. 14] I 355 ’ 6 I 47 * 8 

?. 3*- ■§£*«“•» ; " 

1= TAJ'*?!-- + 47.86 r «3.« 'V 



Q t : Ay - ’ 4 3££ ,V 


"t “ i w 0.l£ i# 



r . vo.-^£>i^V = I.7H5 ks; 

Q u 7 Ay ? (fXs)(4.«l- I.S) - 7. 04iT 

i ~ 0.7£ 

^ VQ T 7 

‘ It " (S3^7-^C).7S') 


PROBLEM 6.23 


200 kti zoo kM 



6.23 and 6.24 For the beam and loading shown, determine the largest shearing 
stress in section n-rt. 


SOLUTION 

f? A ■= £ e - too W 
At section n-r> V- 200 fcW 



50 mm 


75 mm 75 mm 75 mm 

L oco.fe Ce^troT^ or\d ta oP 


Y 



CD 


© 



A ") 

5 (•*»»} 

Ay Oc? miw* ) 

<t(W^ 

Ad’OoS^) 

T i 

£ 

V» 

O 

1 H 

© 

ll ^5"o 

1 2 5" 

IH 06 . 2 S 

5o 

2S.I25 

2/.094 

© 

1125-0 

25“ 

22I.2S 

5o 

2*./a5 

2.39 V 

X 

22500 


I6S7.S | 


5S.25 

23.93S 


y - m 


i^zrxio* 


- is 


2rA -aaroo 
ZAJ l + n - 7t.SS3x/O fc Him* r 79. 6Sgx/o‘ 6 

L^jCS'l*' stress occors. on -Stfc/f/on ce»**fr©<W ot 

erst i re cross sectfo^. 


4 

us 

-t- 


IS 

i 


C2.S 

* ~ 


Q. = Ay * (7S)(t2$)Ul.S) = 5*5.9¥*/0* 
= 5"a5. ?v v /o" c ^ ’ 

t ~ 75" mm 


7r*/o'* *> 


r = = C 2oo«to*)(SiS-.Ki*iQ- 6 ) _ 4 Pa 

* It O^Sx/o-^wo-*) ' n - 6M, ° rA 

* l?.€l MPgl - 






PROBLEM 6.25 





6.25 Two W200 * 46. 1 rolled steel sections are to be welded at A and B in either of 
the two ways shown to form a composite beam. Knowing that for each weld the 
allowable horizontal shearing force is 500 k N per meter of weld, determine the 
maximum allowable shear in the composite beam for each of the two arrangements 
shown. 


SOLUTION 


For /oJJed sfeei secft'o* W ZOO * 46. 1 

A ~ d : 2.03 fr \ - 2.03 mi 


L - HS’.S * \0 


t * 
fr\t* 




1 = z[l, * A(4V] = 2 [ VS-.SrlO* +(.£ st 0 )(2p) 1 ] = Zll.lvIO* 


- ZH. 7 *lo‘ rn* 



Q_ - A | ^ r 59 V. 8* /O* xJo" 4 

^ - ^00 kW/»w owe wcA|. F©w 2 vjcJtJts - 1000 k\J/^ 

„ , VQ v r 1%^ , (aii.7»/o-ririooo»/o») N 

x Q_ sm.z * io* 4 


- 556 icN 


I = 2 [ 1 . 4 X [ 15.3 x lo‘ + suol^) 1 ] = ISI.SWO 


t W 

Hwi*\ 


= 151.3V x / o" c wi 


Q. ‘ A ^ • (SUo)(*2*)* 5<W. Svio* -e SM.S *io~ m ho 3 

V* r Ilat -- Q^MWOtlClooo^tf) . . 2SV *V 

A I /*! / I O i .v • 4 


5^.8 





PROBLEM 6.26 



6.26 through 6.28 A beam having the cross section shown is subjected to a vertical 
shear V. Determine (a) the horizontal line along which the shearing stress is 
maximum, ( b ) the constant k in the following expression for the maximum shearing 
stress 


r 


max 



where A is the cross-sectional area of the beam. 


SOLUTION 


I = C ** 



A * 

For se*'w cit'd* A s - c y 3^ 

Q r " ? c - ■ n r | c 3 


r. 




va 

it 




ce^4er 


t » 2 c 


v -|c 3 _ ft v ^ ± \L 

%c H -tc ' 3nc L o A 


k = £rl.3S3 


PROBLEM 6.27 



6.26 through 6.28 A beam having the cross section shown is subjected to a vertical 
shear V. Determine (a) the horizontal line along which the shearing stress is 
maximum, ( b ) the constant k in the following expression for the maximum shearing 
stress 



where A is the cross-sectional area of the beam. 


SOLUTION 

For a 'flu n waited circoflar secA'i'on A = 

I* iJ • 


rx 


jx AriT = 

FW a sewi at^c 

A s - Q r 1,r ~ £ - ir = 


I 


- . 2^ 
j ‘ TT 


r. 




VQ 

It 


t » 2U 

V (xrJU) . _V ZV 

(Trr„ 4 tri(2M ' mf-t. A 


k - Z..°° 




SOLUTION 


6,26 through 6.28 A beam having the cross section shown is subjected to a vertical 
shear V. Determine (a) the horizontal line along which the shearing stress is 
maximum, (b) the constant k in the following expression for the maximum shearing 
stress 



where A is the cross-sectional area of the beam. 


A * -k I - £ 



For 

a co+ af i/occj- to* y 


— 

ACyW *(#>*■ ^ 

5 (jl - f - |y 



<*(*> -- A y * hllih-y) 



t(n ) * V 

r<y) = 

va 

it 

v¥(H) .. uV.yCh-y) 

To >^6>c 

o'f 

of H ^ Sc*t ^7 



O 


% r w = ° 




ih 




- 3V - 3 V 

bh 1 - * ^ 

lc - | = i-Soo — 


PROBLEM 6.29 


6.29 The built-up wooden beam shown is subjected to a vertical shear ol 5 kN. 
Knowing that the longitudinal spacing of the nails is s = 45 mm and that each nail is 
90 mm long, determine the shearing force in each nail. 


50 mm 



SOLUTION 


250 mm 


50 mm 




50 mm 


1 00 
.A— 



a - o, -■ 

1 

'"XD 

. va 
£ • I" 

_□ 

F~J - -S-s = (7. 


I, = M.' 

r (SoX'So)' 1 * (SctffoXloo) 1 - 2S.& *)0 L wm 

I z - ik WK 2, " - 65-1°*'°* *>*%* 

x “ 41, -»■ I* “ /£?. ! 8 */d 4 

Q - Q = A.V. r CS&tfSoXiOo'l - 25&WC? 


* *50 *70 _ 


)C7. 


PROBLEM 6.30 



Dimensions in mm 


6.30 The built-up wooden beam shown is subjected to a vertical shear of 8 kN 
Knowing that the nails are spaced longitudinally every 60 mm at A and every 25 mm 
at B, determine the shearing force in the nails (a) at A, ( b ) at B. (Given: /, = 1.504 * 
10* mm 4 .) 

SOLUTION 


I x - I. £0*1 x/O* - ISOQ 
S* “ &0 s 0.0 6^ *** 

5 q - ZS *'>*-1 ~ O.OZS 



<U Q t - A ,y t - (3oo)(So')(l7s) = X6 XS-IC?™* 



ZQ., + Q t - 4 ijfw/o’w, 1 

= Hl 7 S » /O' 


VC^s, _ (g*io*)(4i35* )Q'‘Xo-oas) 
I lSo*4 * I o' c 







PROBLEM 6.31 



5 in. 2 in. 5 in. 



PROBLEM 6.32 


Cl 


6 in. 1 

* 5-' 

Jin.— 1 (—4 in.— 1 \ 


6.31 The built-up beam shown is made up by gluing together five planks Knowing 
that the allowable average shearing stress m the glued joints is 60 psi, determine the 
largest permissible vertical shear in the beam. 


SOLUTION 


I, - AtStef + (S'Kl'X.i) 1 - 93.33 in* 

SS. 33 m" 

I = 41, + I, - hss.u 

Q.- A, 5, r * 30 .>* 

SAc-L JOi-t £ ~ ^ 'M. 

V IL* , (w.<f)(*)(±2i r J23? A 
v a 30 


6.32 The built-up beam shown is made up by gluing together two 4 * 1 0-in. plywood 
strips and two 2 * 4-in. planks. Knowing that the allowable average shearing stress 
in the glued joints is 50 psi. determine the largest permissible vertical shear in the 
beam. 


SOLUTION 

I ^ - ^(0(0* = 3S6..ZS 

a- Ay - (4X0(0 r 3 Z m 
t « 2.4 2 . = *4 ;* 

va 


m 


t = 


It 


w _ Its - (Mt.zsY'iMso) = zmo Jl 

V ’ Gt “ 3^ 


PROBLEM 6.33 







r : 


6 S3 Two 20 x 1 00-mm and two 20 * 1 80-mm boards are glued together as shown to 
form a 120 x 200-mm box beam. Knowing that the beam is subjected to a vertical 
shear of 3.5 kN, determine the average shearing stress in the glued joint (a) at .-1, (6) 
fit 8. 


SOLUTION 


I - ft (Uo)(2oo , f - fcitoYKo'f = S3. M3 */o 4 to** 

- S3. 6*3 */d<’ 




1 M Gi; {to)(ZoXlo) s /4V*/o a * 


°\o , 

A 


-- H4 * lo L k. 1 

t t s Vo 0.040 m 


nf = VGU _ (3.SV/o*)044»/o~ 4 ) 

* J t a C' 5 ?- W3x /O' 4 ) <0. Otf> ) 

- 23? x/o* f - 231f k?cc 

(W) Qa ' (i^oV^oXiro) - 216 * /o* = Zi6*ld c * 

ts - U)(* 0 ) =■ o.o*/o ►, 

-V r VQa - (3.5»lo , )(ai6»IO' t ) . . i p 

r “ rtT * 






PROBLEM 6.34 


105 mm 

M 

"'••TA'tfiH 


6.34 Knowing that a W360 * 122 rolled-steel beam is subjected to a 250-kN vertical 
shear, deter min e the shearing stress (a) at point .4, ( b ) at the centroid C of the section. 

SOLUTION 

Fop W 360 *} 22 ; d~3G3 mr* > b f = ZS.7mm J *l-7*"**> 


J - o fc rvw = 3GS *lo 1*1 

Co.') , — 




A * ( 105 K* , * 7o *> Z 7 . 7 V.S » 1 ~ X 

r, : i.tf r , 170.65- 

^ T 2. 2 * 


Q^r A^V - 38S.2 X A> S - 388.8 x/o"‘ 


MW 


* 2/.7*/£>" 


n* 


VOk 

it. 


(V>*) 




3 ^ 


94 ) 


7Z23 


tf' 21.70 

(zsa«i0 , '>(3M.z>'i°'* ) _ , 2 . z7 y,o‘P^ = 12.2? mPo. 

( 36 SV lo-‘Vll.T 

A, ? k f tf .-,(2S7)(2l.7o")= 557 7 

V r i. _ t, , 3*9 . j^29 s ,70.6.5- — 

Ji -a a. a a. 

Ax r tw(|- t*V (l 3 . 0 '>(lS 1 . 8 ') = 2077 mm 1 

, 5. ■ 

Q - ZAv • (S577Yl7o.<5>+ (2077X71.1 1 * 1 1 1 7.7 x /o 1 

c J r MI7.7></0 rn 

t t - t„ - 13.0 «.*, ' !3Wtf*w 

^ . VQc _ (250 « IO^(I)'7.7»«<0'*..> . 5 j_«, K|0 ‘p ft . r S8.1 MPa- 

■ Jtc (365 'x/o-‘')03>‘/O- 3 ) 


PROBLEM 6.35 


6.35 and 6.36 An extruded aluminum beam has the cross section shown. Knowing 
that the vertical shear in the beam is 1 50 kN, determine the shearing stress at (a) point 
a, ( b ) point b. 



SOLUTION 

X = - TjOacXca) 3 

- 3. 092 * lo* = 3.0<?8*/O’ 6 rn* 

(a) Q^r A,y, * 2 A z ^ t 

- (120(6X3?) + (2.'}(aX4oX2t>') 

- 47. 172*10* mrn 1 - 47. 172 * /o' 6 

t a = (2)(i3')- 24 wtM - 0.024^ 

'T - VQ » - 05o^/o^( 47.<73^/O~M 
I t*. (3.048*/O" 4 )(0.024 ) 

= V.2*J0 6 P«. “ 95*. 2 M Fa, 


Oo) Q k » A,y, = 024X0(37)“ *7.97*/o 3 = 2T97*io c yj 


t b * (2 MO - Um^ » a 012 k, 

r - V( ^>» _ QS0*/0 S )(z7.47«/P" 6 ) 
i_ It* t;3.oi8v/o-<)(o.o|2 ) 


II?. 4 v/o c Pc 






PROBLEM 6.36 


6.35 and 6.36 An extruded aluminum beam has the cross section shown Knowing 
that the vertical shear in the beam isl 50 kN, determine the shearing stress at (a) point 
a, ( b ) point b. 



SOLUTION 


I = £8) J r I.W&OXIO* 


1. v io 




Dimesions in mm . - 3 I.C 32* IO* »» 

= 31. 632 * l©~ 6 

t„r 0.0*4- 

v - Y^, . T | 0 1 . g „ t£> c o 

It.’ (I.1 ^k/o-‘)( 0.0*-O = |0)& MPec 

Cb) O w - A.y, = Ue.KcV^?') 1 ' 12.43 z»}d 

r 1*. 431? >j©’ 4 

t b * - 12 » 0.0\7* 

r . , Qso^io^Oz ^ jop = c p , H?a . 

~i> • It. u <»■(«•« l°- 4 1(0.01-1 ■) 


.3 -i 



PROBLEM 6.37 

j— 5in. *|*'d-*j 


4 in. 

" ~- _i_ 


6.37 The vertical shear is 1200 lb in a beam having the cross section shown. Knowing 
that d = 4 in., determine the shearing stress (a) at point a, ( b ) at point b. 

SOLUTION 

I, - ^ (H)(o. 5 Y * WMo.iY 3 . 7 S) 1 * 2S. IC 7 m* 

I, = itS)W)* - 106.67 i»* 

Jr 41, + 21, * 326 in" 

(al Q* - 2 A, y, + A,y, 

= (2)(4Mo.i)W.7S ) ’ (S-)(4Ya) r 55- i«* 
to. z -S" .V 


t |aoo )( g2 , 4o. & ps .- 

T ‘ It„ (.326X0 ^ r 

(V>) Q b * A.y. - WYo.s)(3.7s) -- 7.5 .V t w -- 0.5 W. 

r V& . 0200 X 7 . 5.1 — 55.2 ps<- 

^ J t k ( 3 21 'HO.S) ' 




PROBLEM 6.38 


0.5 in. d 

r™ 


5 in.—* — d—*j 




6.38 The vertical shear is 1200 lb in a beam having the cross section shown. 
Determine (a) the distance d for which r„ = r t . (b) the corresponding shearing stress 
at points a and b. 

SOLUTION 


A, r O. S £ i r 3>.lS m - 0.5 iw 




A 2 - (.sW) = -?o : 2 .Vi 

- A,y,= I.97SJ in 1 


S' 


VOi V l.»7S-«t _ , Vd 

Tt w r X “5^" * s x* 


A,y, 4 2Qu = U°)(a1 4 C?Xi.87f d) 

HO 4 S.7S - el 


“ 5 in. 


(*> r«. - 


va . v(hq + s.7sj) 
1U. ' I (si 


8j- 4 ^ 


- 21 - 3.75- ^ 


8 + 0.7 sd = 3.7^ d J ’ f r ^.Cfi7 

r X (i.C67)(o.S? +(3.U7)(0.SY3.7S) 1 - 18.78 i," 

= ^ (tUl'l 1 v 106.67 i«7 

= ^1,4 21,, - 288.vr;«'' 

. T. . 3.7S **. , „. ep ., 




PROBLEM 6.39 
I**- 40 mm -*j 


6 39 Knowing that a given vertical shear V causes a maximum shearing stress ol 75 
MPa in the hat-shaped extrusion shown, determine the corresponding shearing stress 
(a) at point a, ( b ) at point b. 


4 mm 


60 mm 



SOLUTION 


4 mm 



axi’s AeS 

30 

oXosi* bofforw 


vac Y 

It r ‘ 

VA3«. 

- m 

* - 

^ ' XU 

tl . 

Q.k 

r h _ 

Ob t 

•tL ‘ 

Qfc to. 

-Tc * 

Qc 


A c 








Cu -- tc )(*o)()S)+ 04V4O(a8)r 4260 

tc r & 

o r ()4V4U28)=- M"* 

t«. r H ^ 

Q k - (t<f )(<#)(** ) ? **** 




r c =. 
T 


f „ - 


!£• MPa. 

Q* . J|« T' 
o t t. - 

Qk ‘T’ 

Q c t* * 


/s'68 

75 - 

HI. 4 

MPa. 


I&8 

4260 

V ir * 

m.H 

MPa. 

- 1 


PROBLEM 6.40 




6.40 Knowing that a given vertical shear V causes a maximum shearing stress of 50 | 

MPa in a thin-walled member having the cross section shown, determine the ! 
corresponding shearing stress (a) at point a. (b) at point b , (c) at point c. I 


SOLUTION 


Q t - (l?V3o')(2.S' + IO+ is) - IS »/o‘ iw 1 
Qb - (yoXloXif* s) r I JvlO ! 

Q t - Q^+ ZQ b 4 (I 2 l 0 o 1 (as-+f ) - 6 x to 

Q^- Q c * (I2)(zs)(j?) * m.3 r«jo ! 



II 

ro 

MPa. 




& r 

Q* 

£„ _ 

■ ft 

■ — — • 



Q-, 

U 


7$ 

(Jbi 

tv - 


,t= . 

12 . 

11 


Ov 



/o 

Cc') 


Oc 

a, 

.t* 

te 

46' c 
4 t 3>f 

U 

IX 


0. SC4 7 


IS. 23 MPa 

0. Z<* 1 s 


It.SI MPa -« 

O.<?2<*0 


4£.2 MPa 









PROBLEM 6.42 


b' c' C b 


6.41 and 6.42 The extruded beam shown has a uniform wall thickness of 8 - in. 
Knowing that the vertical shear in the beam is 2 kips, determine the shearing stress at 
each of the five points indicated. 


1.25 in. 



SOLUTION 


1.25 in 1.25 in. 


I r £ {3.So)(Z.SO? --* i (3.ns)d.u>? - 12382 ix' 

p«iV4s c', t a -- 

a e = o 


Qj r (o. = ‘" 1 tj- O.I2S m 

Q t Q e r (O. i2S?(I.WS') " O. O'H&S m" t c r O ,Z5 in. 

Qb r Q c + Wyi.062SXO.l2yXl.l87S - ) - O.Hl^aSJn' tk = 

Q fc c Q b + CZXo.ltsYiasX^ 5 ’) ’ O.t.oizq -,n % t 


ib = m. 

t . * 0.25* in 


v - 

u ~ It* ~ 


tfc * 




1 t„ 

VO. 

Itc 

VQi, 

ltd 

va 

X te 


ft Xacog39) . 

q)(o.msoE) 

60(0, 0^765) 

(i.zs&Ote.tO 

lZ)(O.OWo) 

(1.2s** Xo 1*0 


3.93 kv 


Z-C7 Its. 


0.63 k%t 


LOZ k*i 



6 43 Three 20 » 450-mm steel plates are bolted to fogr LI 52 * 152 * 19.0 angles to 
form a beam with the cross section shown. The bolts have a 22-mm diameter and are 
SSed longitudinally every 125 mm. Knowing that the allowable average shearing 
SSTin the bolts is 90 MPa, determine the largest permissible vertical shear in the 
beam. (Given: /, =1896 * 10‘ mm*.) 


x 450 mm 


SOLUTION 


FAu^e I 

If = 3 (t^Vaof + ( 

Web : 

Iw « A r 

Ang-fe ; 

I “ II. 6 * 10 C 

.. _ na a 


1 ^ A - 342o 

j- ZZS- 44.1 ISA > »■» 



1:1+ Ad’' a , t 

=■ II.CWO‘ + (S*2o)(l80j) " 187 . 4*10 

|J4£ « 1 0‘mm 1 - 1876*10 bo* 

Q f : (45o)faoXass r zn^*)o % ^ 

r (S‘tZD)(l80.l ) ' tnw* 

Q. ' Qf 406 7*10**^ * 4067 *lo , ’m 


miv\ 


Au, ^ fjJ = $0»)* ’ 380.1 ^ -- 380;lWO-‘^ 

Fu« =^.jtA t <a)(l£>v|£>‘)(380.|K/0**') •' 68.4?*fo‘ N 

S‘<47.SCylo % N/» 


V 

$ 


Fu* . g8.^3 */0* 

' ' o.ity 


va 

i 


Ifc* . fiOT4»te- c )(S47.ywo;j _ 2SS ., (C ; w 

‘ Q ■ 4067 *IO~ c 


= Z5S kM 



PROBLEM 6.44 



50 nun 100 mm 50 mm 



6.44 A beam consists of three planks connected by steel bolts with a longitudinal 
spacing of 225 mm. Knowing that the shear in the beam is vertical and equal to 6 kN 
and that the allowable average shearing stress in each bolt is 60 MPa, determine the 
smallest permissible bolt diameter that can be used. 

SOLUTION 


Part 


vy (mm') 

AvV/o'-*) 

I (|0‘^) 

® 

75oo 

56 


m.oG 

G> 

75oo 

5*6 

)g.7S 

14.04 

© 

o 
2 ! 
^2 

-56 

37.50 

22.12. 

r 



75.00 

56.25 


I? + lS/.2frlo‘ n"' =r i?>L2Sxl6*r« H 

Q, - A. y, t tfSooXSo}* 375*/o*i^ s 

J - 375 * 10 - 4 

^b.tt ' ~ T 

(Go*lO i ’)tl$L2£* | 0 -6 } 


= G9.2.26 





7 . OS 





PROBLEM 6.45 

5 in. 4 in. 5 in. 



10 in. 






- 



h-J t 

6.5, 




t 

F - 

£ s r 

vos 

1 


6.45 and 6.46 Three planks are connected as shown by bolts of 8 -in. diameter spaced 

every 6 in. along the longitudinal axis of the beam. For a vertical shear of 2.5 kips, 
determine the average shearing stress in the bolts. 

SOLUTION 
[oc*- It 

ZA ’ C aXsXH} +C 4 ) 0 o)= So i ^ 

TAJ = (pyCsYfi'ito ') + ) ~ szo m % 

V — — — £ . .S » *n 

v ' ZA 

a - cnooo.s^ *■ so ;„ 3 

Jr 2.1 Tk OS’ >00* ♦ 

+ h * W6oX).S) a - ^6.7 in' 


(2- S’V _ 0.77^) i<> ps 

7 ’ 1 





10 in. 




U 


6.45 and 6.46 Three planks are connected as shown by bolts of I -in. diameter spaced 
every 6 in. along the longitudinal axis of the beam. For a vertical shear ot 2.5 kips, 
determine the average shearing stress in the bolts. 

SOLUTION 

VoaJte. o 

r r go 
ZAj •* C?Y*XfoVs') * OoYmKs) - szo »** 

- zAy Szp _ c c ' 

Yr ZA r IS- - 6fl " 


«.« 


I_- 2.[-ia(*'K' 0 ') 3 + 

■* frOOM)* + QoX^O-S? r in* 
a * GOGoVVO r ^ »n J 
r _ _ VQs ^ .czsY^gYll = 0 . 79 V/ 4: rp* 

t 7 - ^66.7 r 1 

t,* Hi ’*<?)' 


'l-' - — Q-77VJ y 1^ 

r >-*' A*jf ' o.iioy 7 ’" *** 


PROBLEM 6.47 



200 mm 


6.47 Three plates, each 12-mra thick, are welded together to form the section shown. 
For a vertical shear of 100 kN, determine the shear flow through the welded surfaces 
and sketch the shear flow in the cross section. 

SOLUTION 

Locate neobtal axis 



2A - (u)(2oo) + (*X«wXuO - 4&S& ***** 

IAZ - (lxY*oo\(ioo} + OOCmX»*X&') 

~ £•£> , 2.8 * icj 

Y = =■ 75*. 77 

+ JtfAOWXwO* + C 6 HXl*X2S177) , J 
- 10 * lO c - ZO.95^/ x/d‘ 

Q - ( < ? t O(l^(2S‘.77'i - ^107v/o 3 ^ * 21 . 01 * 16 * m* 


_ VQ _ (loo* /Q s X^.Q7»/Q~ 4 3 

^ X I0.13H * fO“ c 


WO 1 N/m x 2&idJ/i« 







PROBLEM 6.48 



WW 


10 mm 10 mm 


6.48 A plate of 2-mra thickness is bent as shown and then used as a beam. For a 
vertical shear of 5 kN, determine the shearing stress at the five points indicated and 
sketch the shear flow in the cross section. 

SOLUTION 

J z Z + tfoX*X*s') *] 

_ ,33.76 */0* = IS3.7i x/O -1 w 3 

Q_ = (1X24 X IX.1 " £76> - S76*/0 m 

cu ■ ° 

Q c ; Q k - (llWOfllS)* - feOO 1 -6OO»/0'V‘ 

Qj » Q, - GWiWKlO - - /. C7C x /D 3 = - /• M x/O ‘ M* 


Qe r Q*+«l(2tXi3) * -600 «•? - -roo-if'V 5 
r . VQ_ _ ill IQ 3 X-S'76«;o~ , _) . l0 77 x | o £ ftu - J°.7C MPa. 

L *~ It C x 1 0"' ■) fa v i <p- * ■) 



^ VO. (■SvioMt'EoO *10-7) _ 

U ' It Cl33.7r«10-' , X2''|o-^ 


II.* I «/o‘P* 


u. 2 J MPa- 


y . SO* (S-xIO^qi^MO- 4 ) , 

* ' xt 0z's.^•?*lo^'')O*lo- , ) 

-x . VQ. _ ^ IQ») Csao«io-L ^ 
Cft ' It. ' (l J3.7fx{o _ ')(A*/0' 3 ) 


<?.3S*/o‘ Pa 


27.0 MP«. 
%3S" WA»- 



PROBLEM 6.49 



6.49 A plate of ^ -in. thickness is corrugated as shown and then used as a beam. For 
a vertical shear ofl .2 kips, determine (a) the maximum shearing stress in the section, 
(i) the shearing stress at point B. Also sketch the shear flow in the cross section. 


SOLUTION 


Ota. Ota. 


Uo = 7nut +G.0 1- - Z.O 


A a „ - Co.jrXa.o') - o.s 




Loactic PC'Sh r&f Co**pJ"fe e*vt erf t 



A(.» 

3 0*) 

A.y 6.0 

el (i*»Y 

AdYVi 

1 6V> 

A8 

0.5 

0 

0 

0.4 

0.080 


8D 

0.5 

0.3 

0.4 

0.4 

0.0 go 

*0.1067 

J>E 

0.5 

0.8 

0.4 

0.4 

O.O^o 

*0J067 

EF 

0.5 

O 

0 

0.4 

0.0%o 

neji««£ 

Z 

Z.o 


0.3 


0.3*o 

0.2*33 


v - ZA 
xX 


Y -- 43 ^ - -- <X 4 i 


ik A eo h 1 * - ±Co.sYix) x 

-- 0.1067 l n H 

I- 7 A + tx 

- 0. 5*333 u - 


( a ) 


lac 


W77-r?7 




* 


0.‘ Kn. 


O.SiA 




Q*« + Q ( 

Q At = (2)Co.*sXo.<J •) *■ o.x <'»’ 

Qac 1 (0.S)fo.2rXo-2)‘- 0.02iT ; « 3 

Q„ - 0.225 ,'n 1 
V Q„ (uXo.JJS) 


(b 1 ) Q b = Q 


>6 


* o.z ;« 


it 

s 


(0.5333 )(0.2S ) 


r 2.025 toi 


V - - 0.^0(o-0 

' It " (0.523 3^C0.7S) 


'.so ks,* 


4 •- O 






...T-i i -a- v w " ■ »■» . • - 


6,50 A plate of thickness / is bent as shown and then used as a beam. For a vertica 
shear of 600 lb, determine (a) the thickness t for which the maximum shearing stress 
is 300 psi, ( b ) the corresponding shearing stress at point E. Also sketch the shear flow 
in the cross section 


in the cross section 
SOLUTION 


4.8 in. 


SB -- l £F - r 4 - 8 * + 21 ' s - z 


A 1 \ 

2 in J 

rjg 

, * BC. 

1 ^ o _ 1 

i ^ ^ «i| > 



^ O 111. 


Lso - t ££ - ifE' 

Weo'iv*. oot Ees 2. 4 »n. AB 

CJlviJf*. I 

I ^ (St)(X.4) * 17.28 t 

I*B =■ ^C512 t 

I BI - (C t)( 7 .H Y - 3 H.SG t 

I sf " Io* - 

I F * * I AB » 17 . M t 


(<X) Ai pom} C Q_c r 


^ - va= 

z ' It 


I* - 8 t.O'> t 

Q»E + Q,c -- <.3t)(2:‘t'> * (2.C fctO.sV 10.32 t 

+ - V & _ (,S° D )0°- 32 t) _ Q J3IG? in 

tl ' C3oo)(s?.e»4f) 


(tt 1= (81.01' )(0.zi\6g) - ZO.G-i 



Of - ^FG 

rr o + ( 3 Xo- 25 I 68 )( 2 .V)' 


T e » 


VO, 

It 


(kooV/.css ) , 


I. 6 C 8 .V>’ 
£09 



P*. 


3t>£> psi 


PROBLEM 6.51 


6.51 and 6.52 An extruded beam has a uniform wall thickness t. Denoting by V the 
vertical shear and by A the cross-sectional area of the beam, express the maximum 
shearing stress as r 9aK = k(V/A) and determine the constant k for each of the two 


orientations shown. 
SOLUTION 

(«> ( b ) 

h = f a 
A.^A, - at 
I,. A.Vi 1 -- atk 1 r fa *1 
I, ■ 3 f a' * i a % t 

I' 21 , * 41, •- f 

a.-.A.h * 

Q,- M ' f A** 

Q^- Q, *• 2Q t - Via t 

, VQ V -feat r 3 V 
r * 1 I<3fl ' (f aW ‘ ~5~ at 

- _Y_ _ _ l v 

S Gat ' S A * 
k - - x. o% 





a±C%^V 


- 4 | a s t « is « Si 

' 3 £(§)* r ^ ^ 

I - 4 1, 4 41, = | a 3 1 

Gt, = at If *0 1 a* t 
Q * 1 =■ a 1 1 


Q - 2Q, + *0, - f a 3 t 

ST* ~ - V‘ 3 ^t 

jl y. v. _ v. 

30 at 7 20 Gat " /c> A 







PROBLEM 6.52 


n </ 



6.51 and 6.52 An extruded beam has a uniform wall thickness t. Denoting by V the 
vertical shear and by A the cross-sectional area of the beam, express the maximum 
shearing stress as w = k(V/A) and determine the constant k for each ot the two 
orientations shown. 

SOLUTION 


1 1 - o-fz a 


I,r(atH ^ I, - x Ai ^4^a£)Cf ou'i' 



= Wt 



V it {ff - 

I - 21 , + 41 , - |a s t 

Q, » Cat*f)- i°- x t 

Q.,- (iaiXf 'l ■ i a 't 

a * q, * * Sett 

~ r Vfi r r 

zr "'“ ' I(«tV tfa s tX «1 

\Q> at H Hat H A 
r kjf k * f -- 2 .SS ■ 


I - 41 , -- fa t 

Q, - at i =• a £ 

Q. - 2 Q, * ■££ at 
v VJ£ . V(£75a t\ 

T "'‘“ ’ J (2t ) Cf a J t')(2t') 

_ £ 3 / 2 . - 3-fi- _V- 

* at. - 2 . 4-at 

3 V 5 V _ uY. 

T* A ' * A 

V.- - 7J2. 



PROBLEM 6.53 


fin. fin. 

~*j |*« — 2 in. — *| 







a, 

7777777, 








6.53 The design of a beam calls for connecting two vertical rectangular y * 4-in. plates 

by welding them to two horizontal \ * 2-m. plates as shown. For a vertical shear V, 

determine the dimension a for which the shear flow through the welded surfaces is 
maximum. 

SOLUTION 


- 4 . 041^7 + 20 l x 
Q . * teXO a = Ol in 3 


n r VO, g _V0, Sef J* . 

V I H.OHIC6 7 + ?a K <**■ 

' t (H. oh 164 7 ♦ 4 
2a 1 * H.oViUl 


O 


a* »n. 


PROBLEM 6.54 


6.54 (a) Detennine the shearing stress at point P of a thin-walled pipe of the cross 
section shown caused by a vertical shear V. (b) Show that the maximum shearing stress 
occun for 0- 90* and is equal to 2 V/A, where ^ is the cross-sectional area of the pipe. 



SOLUTION 



A* J* Air* • Zvr't I*isT*w£t 

V s • *~q ^ *. a/c 

A f * 2r6 1 

j r * 2ft 5»n^ 

. v*ve _ 


— 

<V 


V 

(fci 

f* 

<1 


TC t 


TttTZF 




I 


2 j 

i 


i 



J 





PROBLEM 6.55 


SOLUTION 

I P 


C E 

Neutral axis 


6.55 Consider the cantilever beam AB discussed in Sec. 6.8 and the portion ACKT of 
the beam that is located to the left of the transverse section CC ' and above the 
horizontal plane JK, where K is a point at a distance^ <y r above the neutral axis (Fig. 
P6.55). (a) Recalling that o, = o r between C and E and a, = (o r ,y r )y between E and 
K, show that the magnitude of the horizontal shearing force H exerted on the lower face 
of the portion of beam ACKJ is 


H = 2 ba Y 2c- y Y - 


(b) Observing that the shearing stress at K is 

.. AH „ lAH.idH 
T * y a^— » o &A Ar3n I) Ax b dx 

and r ecalling th&ty r is a ftmction of x defined by Eq. (6. 1 4), derive Eq. (6. 15 ). 
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m 



m 

r 
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' w T 

f J . Poio "t 1^ is c« 

* k — jB ^ oAao^Je. 'H* AxfS. 

^ The sfv v ess dis4 v-ilofio* is ^ 

(S' - for og j < y r mA S' - 6 V *fi>r y ^ c. 

F©lf ecfoi St bri o\~\ of botri eon+aj* -foirefS occfin^ o* ACKJ 

H - ^ S' A 

= -kb&Y ( 2c - y Y --$ 7 ) ^ 

No+e y r is a fuddle* of x 

S»t M»P>rr|My(l-ir-§^ 

Differ e4.vf ;« 3 - F - f M y (- 1 j$) 

U . . pc 1 _ Pel _ * -4 _P 

XT ‘ 3vF/ ' ^js;bc- 

TU« li, - - 5 :^( 1 - ^ 1 ) » ^£-( 1 --^) — • ft) 



PROBLEM 6.56 


6.56 For a beam made of two or more materials with different moduli of elasticity 
snow that Eq. (€.6) 


SOLUTION 


ranains valid provided that both Q and / are computed using the transformed section 
of the beam (see Sec. 4.6) and provided further that t is the actual width of the beam 
at the point where r is computed. 


Un,U*| 



Le+ Eret ke a. meeluA « 

of eJft.sHc.f 4 y 


TV* * s fo m eJ 
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Section SecTi'cm olf*ivsW*+»<m in Hit cross J 

sec4«^ i*s «jiVe^ 

S* -J 3 g*- 

wlie^ r rs He v*o**>e*4 <*f Iitfv4»'a- of He “fr^nsH^ee/ cross sscHo* ^ 
u MeccSu»reci -f/*ow\ He cenfrotel of He 4v«u*sfo/>ie 1 ^ secdto* 

T^e. tari*e©«4oJ H^ce ot/«^ Ax is 

AH =-$6\<5-JJA r e JAM lr„ J(A , a cam) 

^ X n ^ ^ x 

Q- = ^nyeM - Host of sedio*. 

S\«Ar fife* q. * AiL , 4 M& s VQ 

' 27 I I 

ia AtiiriboM dte'fvnl »»«vl+h Hus r = 

Y - VQ. 
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PROBLEM 6.57 


150 mm 


250 mm 



457 and 451 A composite beam is made by attaching the timber and steel portions 
shown with bolts of 12-mm diameter spaced longitudinally every 200 mm. The modulus 
of elasticity is 10 GPa for the wood and 200 GPa for the'steel Determine the average 
shearing stress in the bolts caused by a vertical shearing force of 4 kN. (Hint. Use the 
method indicated in Prob. 6.56.) 


SOLUTION 

Le.t * Es * Zoo 

n _ , n - Is* - . -L 

Y] S - 1 ‘ ZoO GPn. ■ Jo 

WtnU'ks o'f’ section 

fc> 5 - \SO “ C^b ^ r 7- S' **•»*■« 

1=2 + c y J 

T* (7 .S)bsof 

- 2 [o.OX&WoS 30. g-JO*/©*]* ?.7£.4Wo‘ 

7I.SS1 * !O c mm' 1 = II. St 7 *!o i m* 

Q r (ISoXiaM ur + C ■) - Z3S.9*to % mm 

~ 7.2.S. X * to * 


VO _ (Hxio 3 )(ziS-.g"lo- 
7 ‘ 2 II. £97 *lo~* 


13 .l%S*/0 3 N/ !m 


Fu« T f s T («3./*7*/« 3 )^2oov/o‘* ) = 2.035 •lo 3 N 

k± ,li * If r * 1 13. I = 113. I * lo C m 

f. h = B=^ T r 23. 3*/o‘ "P*. x 23.3 MPa. 

" A k .h- ns.ix/o* 4 



PROBLEM 6.58 



6.57 and 655 A composite beam is made by attaching the timber and steel portions 
shown with bolts of 12-rom diameter spaced longitudinally every 200 mm. The modulus 
of elasticity is 10 GPa for the wood and 200 GPa for the steel. Determine the average 
shearing stress in the bolts caused by a vertical shearing force of 4 kN (Hint Use the 
method indicated in Prob. 6.56,) 


SOLUTION 


6 mm |*-140 mm-*-||**- 6 1 
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- i n 5 ft. 
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Q. - r I.OIG^v/o 5 vn*,* 

- I.oic w/a'* 
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- ^.s - ( z e/s’* /o^C^ox/o" 1 ) - 

Ab.it - Jfcjr “ 0* ) r I IS. I * //3. 
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Dot»k.Pe 




r Fwit 

*Ak.Jt- ‘ dXt I 3. I *lO' c ) | 


6.73 y/O 6 P* 

* €.73 MPa. 



PROBLEM 6.59 


Aluminum 


Steel 



6.59 and 6.60 A steel bar and an aluminum bar are bonded together as shown to form 
a composite beam. Knowing that the vertical shear in the beam is 4 kips and that the 
modulus of elasticity is 29 * 10* psi for the steel and 1 0.6 * 10 6 psi for the aluminum, 
determine (a) the average stress at the bonded surface, (b) the maximum stress in the 
beam. (Hint, Use the method indicated in Prob. 6.56.) 


SOLUTION 
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PROBLEM 6.60 


6.59 and 6.60 A steel bar and an aluminum bar are bonded together as shown to form 
a composite beam. Knowing that the vertical shear in the beam is 4 kips and that the 
modulus of elasticity is 29 x io^ psi for the steel and 10.6 x io‘ psi for the aluminum, 
determine (<a) the average stress at the bonded surface, ( b ) the maximum stress in the 
beam. (Hint. Use the method indicated in Prob. 6.56.) 
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PROBLEM 6.61 


6.61 through 6.64 Determine the location of the shear center O of a thin- walled beam 
of uniform thickness having the cross section shown. 
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PROBLEM 6.62 
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6.61 through 6.64 Determine the location of the shear center 0 of a thin- walled beam 
of uniform thickness having the cross section shown. 
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PROBLEM 6.63 


6.61 through 6.64 Determine the location of the shear center O of a thin-walled beam 
of uniform thickness having the cross section shown. 
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PROBLEM 6.64 


6.61 through 6.64 Determine the location of the shear center O of a thin- walled beam 
of uniform thickness having the cross section shown. 
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6.65 and 6.66 An extruded beam has the cross section shown. Determine (a) the 
location of the shear center 0 , (b) the distribution of the shearing stresses caused by 
a 50-kN vertical shearing force applied at O. 
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PROBLEM 6.66 



50 kN 


6.65 and 6.66 An extruded beam lias the cross section shown. Determine (a) the 
location of the shear center O, ( b ) the distribution of the shearing stresses caused by 
a 50-kN vertical shearing force applied at O. 
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PROBLEM 6.67 


6.67 and 6.6S An extruded beam has the cross section shown. Determine (a) the 
location of the shear center O, ( b ) the distribution of the shearing stresses caused bv 
a 25-kip vertical shearing force applied at O. 
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PROBLEM 6.68 



F, 


6.67 and 6.6S An extruded beam has the cross section shown. Determine (a) the 
location of the shear center 0, (6) the distribution of the shearing stresses caused by 
a 25-kip vertical shearing force applied at O. 
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PROBLEM 6.69 


6.69 through 6. 74 Determine the location of the shear center Oof a thin-walled beam 
of uniform thickness having the cross section shown. 
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PROBLEM 6.72 


6.69 through 6.74 Determine the location of the shear center O of a thin- walled beam 
of uniform thickness having the cross section shown. 
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PROBLEM 6.73 


6.69 through 6.74 Determine the location of the shear center Oof a thin-walled beam 
of uniform thickness having the cross section shown. 


SOLUTION 
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PROBLEM 6.74 


6.69 through 6.74 Determine the location of the shear center O of a thin- walled beam 
of uniform thickness having the cross section shown. 
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PROBLEM 6.75 


6.75 and 6.76 A thin-walled beam of uniform thickness has the cross section shown 
Determine the dimension a for which the shear center O of the cross section is located 
at the point indicated. 
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PROBLEM 6.77 


6.77 A thin-waiJed beam of uniform thickness has the cross section shown. 
Determine the location of the shear center O of the cross section, knowing that 
h ~ 80 mm. 
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PROBLEM 6.78 


6.78 A thin-walled beam of uniform thickness has the cross section shown. 
Determine the dimension h for which the shear center O of the cross section is 
located at a distance e = 25 mm from the center of the flange /45- 
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PROBLEM 6.79 


d 79 For the angle shape and loading of Sample Prob. 6.5, check that fqdz*0 
along the horizontal leg of the angle and Jqdy = P plong its vertical leg 
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PROBLEM 6.80 


SOLUTION 


680 For the angle shape and loading of Sample Prob. 6.5, (a) determine the 
points where the shearing stress is maximum and the corresponding values of the 
stress, ( b ) verify that the points obtained are located on the neutral axis 
corresponding to the given loading. 
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PROBLEM 6.81 


r 



*6.81 A cantilever beam AB, consisting of half of a thin- walled pipe of 30-mm 
mean radius and 6-mm wall thickness, is subjected to a 1200-N vertical load. 
Knowing that the line of action of the load passes through the centroid C 
of the cross section of the beam, determine (a) the equivalent force-couple svstem 
at the shear center of the cross section, ( b ) the maximum stress in the beam. 
{Hint: The location of the shear center of the cross section was determined in 
Prob. 6.74.) 
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PROBLEM 6.82 



mm 



*6.81 A cantilever beam AB, consisting of half of a thin-walled pipe of 30-mm 
mean radius and '6-mm wall thickness, is subjected to a 1200-N vertical load. 
Knowing that the line of action of the load passes through the centroid C 

of the cross section ofthe beam, determine (o) the equivalent force-couple system 
at the shear center of the cross section, (b) the maximum stress in the beam. 
(Hint: The location of the shear center of die cross section was determined in 
Prob. 6.74.) 

*6.82 Solve Prob. 6.81, assuming that the thickness of the beam is reduced to 5 
mm. 
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PROBLEM 6.83 



“6.83 The cantilever beam shown consists of an angle shape of J" - in. thickness. 
For the given loading, determine the location and magnitude of the largest 
shearing stress along line A 'B ' in the horizontal leg of the angle shape. The x‘ 
and y' axes are the principal centroidal axes of the cross section and the 
corresponding moments of inertia are /, = 1 15.7 in 4 and 7 V • = 12.61 in 4 
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PROBLEM 6.84 



"6.83 The cantilever beam shown consists of an angle shape of g" - in. thickness. 
For the given loading, determine the location and magnitude of the largest 
shearing stress along line A 'B ' in the horizontal leg of the angle shape. The x' 
and y' axes are the principal centroidal axes of the cross section and the 
corresponding moments of inertia are I, - 115.7 in 4 and/, = 12.61 in 4 

*6.84 For the cantilever beam and loading of Prob 6.83, determine the location 
and magnitude of the largest shearing stress along line A 'D ' in the vertical leg of 
the angle shape.. 
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PROBLEM 6.87 



*687The cantilever beam shown consists of a Z shape of 4 -in. thickness. For 
the given loading, detennine the distribution of the shearing stresses along line 
A 'B ’ in the upper horizontal leg of the Z shape. The x‘ and / axes are the 
principal centroidal axes of the cross section and the corresponding moments of 


inertia are/, =* 166.3 in 4 and/,- = 13,61 in 4 . 
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PROBLEM 6.88 




•6.87 The cantilever beam shown consists of a Z shape of j - in. thickness. For 
the given loading, determine the distribution of the shearing stresses along line 
A'B’ in the upper horizontal leg of the Z shape. The x' and / axes are the 
principal centroidal axes of the cross section and the corresponding moments of 
inertia are/,. = 166.3 inland/,. = 13,61 in 4 . 

*6.88 For the cantilever beam and loading of Prob. 6.87, determine the 
distribution of the shearing stresses along line B 'D ’ in the vertical web of the Z 
shape.. 

SOLUTION 
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PROBLEM 6.89 



100 mm 
50 


6.89 Three boards, each 50 mm thick, are nailed together to form a beam that is 
subjected to a 1200-N vertical shear. Knowing that the allowable shearing force in 
each nail is 600 N, determine the largest permissible spacing a between the nails. 


SOLUTION 
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PROBLEM 6.90 



16 mm X 200 mm 


S310 X 62 


6.90 The American Standard rolled-steel beam shown has been reinforced by 
attaching to it two 16 x 200-mm plates, using bolts of 1 8-mm diameter spaced 
longitudinally every 120 mm. Knowing that the allowable average shearing stress in 
the bolts is 90 MPa, determine the largest permissible shearing force. 
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PROBLEM 6.91 


6.91 For the beam and loading shown, consider section n-n and determine the 
shearing stress at (a) point a, (A) point b. 
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, 92 For ^ beam and loading shown, consider section n-n and determine (a) the 
PROBLEM 6.92 largest she aring stress in that section, (6) the shearing stress at point a. 
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PROBLEM 6.93 


6.93 The built-up timber beam shown is subjected to a 6-kN vertical shear. 

Knowing that the longitudinal spacing of the nails is s = 60 mm and that each nail is 
90 mm long, determine the shearing force in each nail. 
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PROBLEM 6.94 


1 5 0.8 0.8 i_5 

M ri~ 4 — 1 rn t 



Dimensions in inches 




6.94 The built-up beam shown was made by gluing together several wooden planks. 
Knowing that the beam is subjected to a 1200-lb vertical shear, determine the 
average shearing stress in the glued joint (a) at A , ( b ) at B. 
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PROBLEM 6.95 

2 in. 2 in. 

— **| j** — 6 in. — •’j |**~ 




-.tefjLi 


6.95 A beam consists of three planks connected as shown by j - in. -diameter bolts 

spaced every 12 in. along the longitudinal axis of the beam. Knowing that the beam 
is subjected to a 2500-lb vertical shear, determine the maximum shearing stress in 
the bolts. 

SOLUTION 
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PROBLEM 6.96 



f* -*{*-26 — H 

16 mm 16 mm 


6.96 An extruded beam with the cross section shown and a 3-mm wall thickness is 
subjected to a 10-kN vertical shear. Determine (a) the shearing stress at point/!, (b) 
the maximum shearing stress in the beam. Also sketch the shear flow in the cross 
section. 
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PROBLEM 6.97 


A 


6.97 and 6.98 A thin-walled beam of umfoim thickness has the cross section shown. 
Determine the location of the shear center O of the cross section. 
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PROBLEM 6.98 


6.97 and 6.98 A thin-walled beam of uniform thickness has the cross section shown. 
Determine the location of the shear center O of the cross section. 
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PROBLEM 6.99 


6.99 A thin-walled beam of uniform thickness has the cross section shown. 
Determine the dimension b for which the shear center O of the cross section is 
located at the point indicated. 
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PROBLEM 6.100 


6. 100 A thin-wailed beam has the cross section shown. Determine the location of 
the shear center 0 of the cross section. 
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PROBLEM 6.C1 


*2 

— *3 

*l-^« Pi 
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6 Cl A timber beam is to be designed to support a distributed load and 
up to two concentrated loads as shown. One of the dimensions of its uniform 
rectangular cross section has been specified and the other is to be determined 
so that the maximum normal stress and the maximum shearing stress in the 
beam will not exceed given allowable values a an and Measuring x from 
end A and using SI units, write a computer program to calculate for successive 
cross sections, from x = 0 to x = L and using given increments Ax, the shear, 
the bending moment, and the smallest value of the unknown dimension that 
satisfies in that section (1) the allowable normal stress requirement, (2) the al- 
lowable shearing stress requirement. Use this program to design the teams of 
uniform cross section of the following problems, assuming cr M - 12 MPa 
and T a n = 825 kPa, and using the increments indicated: (a) Prob. 5. o 
(Ax =*0.1 m), ( b ) Prob. 5.76 (Ax = 0.2 m). 
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(CONTINUED) 


PROBLEM 6.0 CONTINUED 


OUTPUTS 


2.40 kN RB = 3.00 kN 


Prob . 5.76 

RA = 25.00 kN RB = 25.00 kN 
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0.60 

1.920 

154.92 

27.27 

0.60 

1.980 

157.32 

27.27 

0.60 

2.040 

159.69 

27.27 

0.60 

2.100 

162.02 

27.27 

0.60 

2.160 

164.32 

27.27 

0.60 

2.220 

166.58 

27.27 

0.60 

2.280 

168.82 

27.27 

0.60 

2.340 

171.03 

27.27 

- 3.00 

2.400 

173.21 

136.36 

- 3.00 

2.100 

162.02 

136.36 

- 3.00 

1.800 

150.00 

136.36 

- 3.00 

1.500 

136.93 

136.36 

- 3.00 

1.200 

122.47 

136.36 

- 3.00 

0.900 

106.07 

136.36 

- 3.00 

0.600 

86.60 

136.36 

- 3.00 

0.300 

61.24 

136.36 

0.00 

0.000 

0.05 

0.00 


0.00 
0.20 
0.40 
0.60 
0 . 80 
1.00 
1.20 

1.40 
1.60 
1.80 
2.00 
2.20 

2.40 
2.60 
2.80 

3.00 

3.20 

3.40 

3.60 

3.80 

4.00 

4.20 

4.40 

4.60 

4.80 

5.00 


25.00 

23 . 00 

21.00 

19.00 

17.00 

15.00 

13 . 00 

11.00 


1.00 
- 1.00 
- 3 . 00 
- 5.00 
- 7.00 
- 9.00 
- 11.00 
- 13.00 
- 15.00 
- 17.00 
- 19.00 
- 21.00 
- 23.00 
0.00 


0 

. 000 

0 

.00 

378 

.79 

4 

.800 

141 

.42 

348 

.48 

9 

.200 

195 

.79 

318 

.18 

13 

.200 

234 

.52 

287 

.88 

16 

.800 

264 

.58 

257 

.58 

20 

. 000 

288 

.68 

227 

.27 

22 

.800 

308 

.22 

196 

. 97 

25 . 

.200 

324 . 

. 04 

166 . 

.67 

27 , 

200 

336 , 

.65 

136 . 

,36 

28 . 

800 

346 . 

.41 

106 . 

,06 

30 . 

000 

353 . 

55 

75 . 

76 

30 . 

800 

358 . 

24 

45 . 

45 

31 . 

200 

360 . 

56 

15 . 

15 

31 . 

200 

360 . 

56 

15 . 

15 

30 . 

800 

358 . 

24 

45 . 

45 

30 . 

000 

353 . 

55 

75 . 

76 


28.800 

27.200 

25.200 
22.800 
20.000 
16.800 

13.200 
9.200 
4.800 
0.000 


346.41 
336.65 
324.04 
308.22 
288.68 
264.58 
234.52 
195.79 

141.42 

0.00 


106.06 

136.36 

166.67 

196.97 

227.27 

257.58 

287.88 

318.18 

348.48 

0.00 


THe smallest oilUwa-ble '/ake of h /S the largest of the. Values 
5 h\ovfn in -f"lic last "fWo columns. 

For Pro b- 5,75, h - h 0 = m.z mm. 

For ?rob, 5,76 h=h „ r 373 mm M 




PROBLEM 6.C2 


r b 



6.C2 A cantilever timber beam AB of length L and of the uniform rec- 
tangular section shown supports a concentrated load P at its free end and a uni- 
formly distributed load w along its entire length. Write a computer program to 
determine the length L and the width b of the beam for which both the maxi- * 
mum normal stress and the maximum shearing stress in the beam reach their 
largest allowable values. Assuming (r M — 1.8 ksi and r M =120 psi, use this 
program to determine the dimensions L and b when (a) P — 1000 lb and w = 0, 
(b)P = 0 and w = 12.5 lb/in., (c) P = 500 lb and w = 12.5 lb/in. i 


SOLUTION 

fioth h Vwi S fje a r" iW -il \ e mfrx'nn 1/ vw yjc ^ } c ( f 

Oc.C\)r a t f\. M/e haVc 

\-P+ 40 L M a r PI + £ 

Z$_ $#'TI5FY — THE_ t flJofjNfrL STRESS REbO} ggMfeVj/ yv 


<7 


* 6 = \J. 

L ?? 


Ala 1 X3 


■O',, - J^zr - 3 JA A 

a " s Jim 1 'j tp 

Zt.C^'o), ?<*$<> 3P8: r 

V) _ j\/ft ^ —l-\ 3 _Va v/z 


- J?V 


^ _ 6 
2 * T 


^ b- 




PRO&KfiH 

Tbr L=0 } P and b v >0 ) While - 0 Qml b~-0- 

L i~k ^ ° Sir 3 ! " cr zmz n h AL~ 0,001 >n. We fhct 
' b c M *h beuant Vfual. Wt then priai 1 md 


ere 


PRQGrRm OUTPUTS 


For P = 1000 lb, w = 0.0 lb/in. 

Increment = 0.0010 in. 

L = 37.5 in., b = 1.250 in. 


For P = 0 lb, w = 12.5 lb/in. 

Increment = 0.0010 in. 

L = 70.3 in., b = 1.172 in. 


For P « 500 lb, w = 12.5 Ib/in. 

Increment = 0.0010 in. 

L = 59.8 in. , b = 1.396 in. 



PROBLEM 6.C3 



6.C3 A beam having the cross section shown is subjected to a vertical 
shear V. Write a computer program that, for loads and dimensions expressed 
in either SI or U.S. customary units, can be used to calculate the shearing stress 
along the line between any two adjacent rectangular areas forming the cross 
section. Use this program to solve (a) Prob. 6.10, (b) Prob. 6.1 1, (c) Prob. 6.21, 
(d) Prob. 6.23. 


SOLUTION 

/, Enter V and ike number n of 
tecfajn^les . 

2, For l - I to n-j enter the. dimension 5 and n ■ 

3, lieierrnine the area. f\i of each rcfctanjle . 

Al, Determine, the e fete* ton of tfe Centroid of each recfa-njle. 

% 'fzS ~ °- 5h i 

&r\d 4he e/eifaf'o* ^ of tin centroid o-f floe entire, section 

t’(f A < W( f M 

E- 2s e ferrnhe the Centro tiled moment of inert la of the entire. 

Tor (fach Surface Scparaffotj two cectan§(&$ C Qnd C+ I? 
determine Crf 'the <xre<^. betow-t^y at ^vr-face- 

7 Select for t ^ the $m<i/ler a n d t>t+ r 

Tht she^rffly stress on fhe Surface between the reef Angles 

i and l+l b 

V &1 


V. = 

t 


It 


<33 


(CONTINUED) 





Problem 6.10 


5*/w. 

V=10.00 kips 

YBAR of Section = 2.000 in. 
' 1= 14.583 in~4 

Between elements 1 and 
Tau = 2.400 ksi 

Between elements 2 and 
* Tau = 3.171 ksi 

Between elements 3 and 
Tau = 2.400 ksi 

/tl. 



, 1 2 M 
zbm 

35 

63 

IZ &v* 


Problem 6.11 
V= 10.00 kN 

YBAR of Section = 75.00 mm 
1= 3 9 . 580*10 ~ - 6 m~4 

Between elements 1 and 2 : 
Tau = 418.39 kPa 
Between elements 2 and 3 : 
Tau = 919.78 kPa ^ 

Between elements 3 and 4 : 
Tau = 765.03 kPa ^ 

Between elements 4 and 5: 
Tau = 418.39 kPa 


1 Problem 6.21 

V=200 . 00 kN 

(jfOWrn YBAR of Section = 75.00 mm 

1= 79.687*10^-6 m / '4 

~ . Between elements 1 and 2: 

!)0 AIM Tau = • 18.82 MPa 

Bettteeri elements 2 and 3 : 
r A Tau *= 18.82 MPa < 

ju Aim Between elements 3 and 4: 

Tau = 12.55 MPa ** 


from PC, 21 

I 


-15 m 


Problem 6 . 23 
V=200 . 00 kN 

YBAR of Section = 75.00 mm 
1= 79.688*10^-6 m~4 

Between elements 1 and 2 : 
Tau = 18.82 MPa 

Between elements 2 and 3 : 
Tau = 19.61 MPa < 











PROBLEM 6.C4 



of element- L £ 


6.C4 A plate of uniform thickness t is bent as shown into a shape with 
a vertical plane of symmetry and is then used as a beam. Write a computer pro- 
gram that, for loads and dimensions expressed in either SI or U.S. customary 
units, can be used to determine the distribution of shearing stresses caused by 
a vertical shear V. Use this program (a) to solve Prob. 6.49, (fc) to find the 
shearing stress at point E for the shape and load of Prob. 6.50, assuming a 
thickness t - 3 in. 


SOLUTION 


For each element &nthe 3('de.j 

\ j/t compile C for L-l to *ri) •- 




PC; - SC; 

L ti"l 






hcza = A; - tL* where t -4 i n * 

L i 4 

Disiat ) ce from X axis fo Centroid of element - 

t>iStao<e frotr) to centroid of section } 




3 = A, 

Note th*t%*0 ^ that 5 ^,* ^ 

Mo (mot of inert fa of Section about Centroid a I 


* 0 


I - ZEA 


i [s(h-hJ + (vr i/J 


Qow of Q at point P tAierz stress is desired 

0 = IE A. (f. - % y where sum extends f 0 ffe areas located 
beWeen one end of section and point P* 

Sheo-o'wtt stress $t p; 

t=^- 

1 1 

iJOTE : c C] r)/X)( deceits or\ neotra./ axis, L,e^ for fj-p~ Q • 

•pRQgrRBM OUTPUTS 


Part (a) : 

I = 0.5333 in~4 

Taumax = 2.02 k$i 41 

TauB = 1.800 ksi 4 


Part (b) : 

I = 22.27 in~4 
TauE = 194.0 psi 



1 


PROBLEM 6.C5 



6.C5 The cross section of an extruded beam is symmetric with respect 
to the x axis and consists of several straight segments as shown. Write a com- 
puter program that, for loads and dimensions expressed in either SI or U.S. 
customary units, can be used to determine (a) the location of the shear center 
O, (b) the distribution of shearing stresses caused by a vertical force applied 
at O. Use this program to solve Probs. 6.65, 6.68, 6.69, and 6.70. 

SOLUTION 

"CO M Atf UJtLL fran 7&P 

/~ofl i - / 7-0 *71+1 (/tor&l -r> H /S 7?1£- <2*2, &/*) 

*77 y-i, •di 

CCiMPU 7( f UrA'CTH £> P lr A C * &£■£/>? 

/^on L. - J T2> -v? 

av-1 = *i H ~ 

Ay = r)L*> ~'U „ 

(*** +*'$}* 

CflLcuLmtr <p>b t/a • _T 





C COA/S/0&Z BfK-H /)S 

OB /CX* £GU(*l PACTS’ 

/=bv> <L - / ~n 
A We* - t-i <£■ /oo 

FC& 7~t> yoo 

<}* %+*%(-) -o-dj/ao 

Al=/a^e/i)tj X 
1 - 


S)HC£ ONLY 72V* /VALF usfiS OSS O 

If ZI-* 

r ALCUUtTB g-ratTS* /fr~ a P 

S/zenn fBorzpisz /n S’ /^SH-rr 

Fan L*r ! tp vi 

A AG-£* - l£ t L J/ 0a , %Mmjr 
-1 - / TO /<AO 

t) ~ U c ' * A % & -*'*)) /OC > 

4 <3 - 

VS/lyt-i 

/flve ” &•£( '7^,/ct ~ f -^sne*») 

T+y'*** 


CONTINUED 



PROBLEM 6.C5 - CONTINUED 

>/ ^ . * 



7 


Pf?OC>K»w OUTPUT' 


Prob. 


Foizce £ =7'(AW^ 

lr RPJ ^ T \=y^Kt Ul 

q l -c> 

TritviT CTvuk*" y)c 

l PC ft 7/0*' O R C&A' TtFf^ 

<V= Sr/te/tR 

Fo(Z C£S # do <j 7 a 'It 6'W 

F-CXi. L-j T6 TJ 

(Kt\- Tanc^c C AV i)Jli 

L%\ - U <ic)/^ 

MOM£r*T L = -(F-Ji It t ^ /r sh % t 

Mgm &V7 — MoMZ'rr +- 

Foa V/F/oif seen** p\om?n7 r 2 (mpml*»t) 

SH£Afi C £/YT/?n> IS A7~ 

Piom emt Jv 


6.65 

T (i) 

X(i) 

Y (i) 

L(i) 

mm 

mm 

mm 

mm 

10.00 

70.00 

10.00 

40.000 

6.00 

70.00 

50.00 

70.000 

10.00 

0.00 

50.00 

50.000 

10.00 0.00 
. of inertia: lx = 

0.00 

3759956 

mm" 4 Shear = 


50000 N 


Junction 

Q 

Tau 

Tau 

Force in 

of segments 

mm" 3 

Before 

MPa 

After 

MPa 

segment 

kN 

1 and 2 

12000.000 

15.96 

26.60 

2482.37 

2 and 3 

33000.000 

73.14 

43.88 

20888.54 

3 and 4 

45500.000 

60.51 

60.51 

27372.75 


Moment of shear forces about origin: 

+ counterclockwise 

Distance from origin to shear center: 


M = 2436.386 N-m 


48.728 mm 


CONTINUED 




PROBLEM 6.C5- PROGRAM PRINTOUTS CONTINUED 



Prob. 6.68 





i T<i) 

X ( i) 

Y(i) 

L(i) 


in. 

in. 

in. 

in. 


1 0.25 

3.00 

4.00 

3.000 


2 0.50 

0.00 

4.00 

4.000 


3 0.50 

0.00 

0.00 



Moment of inertia: lx = 

45.3328 in 

4 Shear * 25.000 kips 

Junction 

Q 

Tau Tau 

Force in 


of segments 


Before After segment 



in" 3 

ksi ksi 

kips 


1 and 2 

3.000 

6.62 3.31 

2.48 


2 and 3 

7.000 

7.72 7.72 

12.47 


Moment of shear forces 

about origin: 

M = 19.853 

kip • in . 

+ counterclockwise 




Distance from origin to 

shear center: 

e = 0.7941 

in. 

prob. 6.69 





i T(i) 

X (i) 

Y (i) 

L(i) 


in. 

in. 

in. 

in. 


1 0.25 

4.00 

5.00 

2.000 


2 0.25 

4.00 

3.00 

5.000 


3 0.25 

0.00 

0.00 



Moment of inertia: lx =* 

23.8331 in"4 Shear « 10.000 kips 

Junction 

Q 

Tau Tau 

Force in 


of segments 


Before After segment 



in" 3 

ksi ksi 

kips 


1 and 2 

2.000 

3.36 3.36 

0.91 


2 and 3 

3.875 

6.50 6.50 

6.80 


Moment of shear forces 

about origin: 

M = -7.273 

kip • in . 

+ counterclockwise 




Distance from origin to shear center: 

e = -0.7273 

in. 

Prob. 6.70 





i T (i) 

X (i) 

Y(i> 

Mi) 


in. 

in. 

in. 

in. 


1 0.25 

2.60 

0.00 

1.500 


2 0.25 

2.60 

1.50 

3.002 


3 0.25 

0.00 

0.00 



Moment of inertia: lx « 

1.6881 in"4 Shear «= 10. 

000 kips 

Junction 

Q 

Tau Tau 

Force in 


of segments 


Before After segment 



in" 3 

ksi ksi 

kips 


1 and 2 

0.281 

6.66 6.66 

0.83 


2 and 3 

0.844 

20.00 20.00 

11.65 


Moment of shear forces 

about origin: 

M * 4.332 

kip • in . 

+ counterclockwise 




Distance from origin to shear center: 

e = 0.4332 

in. 



PROBLEM 6.C6 


h -* 

""*1 h* - -p 

"*i ^ t n *« t 
~S 1 ; -1 h- J 


-1 h- 


6.C6 A thin-walled beam has the cross section shown. Write a computer 
program that, for dimensions expressed in either SI or U.S. customary units, 
can be used to determine the location of the shear center O of the cross sec- 
tion. Use this program to solve Prob. 6.100. 




SOLUTION 



tfrii d ^ host ring SJgzsgs. In e/eiDenf L 
Let M - r m cross Sedibh 

X - Centro ifal r>i of /flertift di^edidri 

i -jja ho,'/* for shaded are*. 

il = t (a r $ ii_£i 


‘thG-V 


J’U 

Force exerftd on el-c^icnt £> 


e= ^ 


It: tl 

V 


r .-/ v< ( vs; Vo;*-/) ^ 

-fli. ». 


7 > - ^ w-/>> - ¥■ fc’-K)' 

The i*js fern 1l\e forces T\ /ni>st ^o ivghht ft> V at shear cente 

r Tl fl _»[ v tr-zr-, fzztrf =v « 

Tid Li (!) 

(/): e = ■*# 


V at sheer center 

V <0 


1 — Lj — I 


'< e-^H 


PROGRAM OUTpU 


Tt: Of 


Prob. 6.100 


For element 1 : 

t = 0.75 in., a - 4 in., b = 0 
For element 2 : 

t = 0.75 in., a = 3 in., b= 8 in. 


Answer: e^ = 2.37 in. 






PROBLEM 7.1 


7.1 tk mgh 7.4 For the given state of stress, determine the normal mid shewing 
stresses exerted on the oblique face of the shaded triangular dement shown. Use a 
method of analysis based on the equilibrium of that element, as was done in the 
derivations of Sec. 7.2. 



S*F * O 

S' A - £A co&Zd 0 coz 20* - 3A c»$ 2o*si * 2o* - 3A s<‘* 2^ cos ?o* « VA s «** 2<>° s«i> ;fc>* = 0 
O'- ? +3 s;«2o°c*sSo 0 4 HstSto" = kst 


+ UF = o 


'C'A *4 ^AcosP^Vpi^PO*- 3AcosPc) # Co^A> 0 -f 3 A &/*.?£ Sin.. s!r> ?0°coi Po* r O 

*£* r 3Ccos 1 ^0°-StV>Vo*) ♦ V si*20*Cos2O° - I.OI3 lfs» \ 


PROBLEM 7.2 


7.1 thna^i 7.4 For the given state of stress, determine the normal and shearing 
stresses exerted on the oblique face of the shaded triangular element shown. Use a 
method of analysis based on the equilibrium of that element, as was done in the 
derivations of Sec. 72. 


lOksi 



4 ksi 


SOLUTION 




*iZF=o 


6 A + 4 Aces /■£’*;« IS* + IOAtoslf*c*sAS'- SAtinlS°s;«IS° + ‘t Aim /f’c.s ts° = o 
6~ - ~ 4 cos/5^ s*«/S° - /O + 6 s»* x l£*- if *inl5'*cas /.f® ■= |£.^3 kit* 


*A i- 4 Acosirc.* /s- - /oAcm / r*sm <?• - eAsm ir^cos /?• - <m /sj« / r* = o 
2r=-4(cos x /r-s.V/S 1 ) + 0o+6 )cos/r*Sm =• 


0.-S3* fcsi' 










PROBLEM 7.5 


7.5 throagh 7.8 For the given state of stress, determine (a) die principal planes, (6) 
the principal stresses. 



SOLUTION 

5* = 18 ksi SJs- - 12. ksi Zy- 8 ks.* 

« • £% • Sir ' <«■»* 

ZB? - ?a.07“ Of - h.o**° 4 io*».o*»* 

^ 

- 3 * 17 Irst 

kit 

S'*** r - H kSi' 


PROBLEM 7.6 


1 10 ksi 


7*5 through 7.8 For the given state of stress, determine (a) die principal planes, (b) 
the principal stresses. 




1 

HR 

pi 

1 




SOLUTION 

5, » z ksi 


2 ksi 


3 ksi 


S^* 10 Iflh 

09-1 9 0.7SO 

r lo 

Z&? - 3 €. 87 “ 108.43 

w = S|Sf * ; r^' 


-- H* 2 ^VW-3)‘ 




- £ ± £ ksi 


^i*** ~ / / k$ »' 

6w* * I k»i 



PROBLEM 7.7 


7.5 tfcroagh 7.8 For the given state of stress, determine (a) the principal planes, (A) 
the principal stresses. 



SOLUTION 

C K * -6$ MPa. 

to +** 20, r -P 

r GT.- 


S} - - Vo Mftt 


t^-35T MPa 


6".-S^, -go+lo 


=• -3.S0 


r -7V.0£‘ 


Q r * - 37. 03 “j SW 


^ * 1 /( s ^ t ) t + r,‘‘ 

, =^vo. ^ r ^o)« 4(35) ; 

= - ^,'0 ± 36. 4 MPa. 

S’,,., «• - *3. GO MPa. 

' - 86.4 MPa 


7.5 through 7.8 For the given state of stress, determine (a) the principal planes, (6) 
the principal stresses. 


SOLUTION 

Sy ~ /6 MPa. 


6^ MPa 


r-£oAtP«. 


“*> f *" - I -t7S 

2Qf>? -6/.93° 6), r -30.9^\ 

W = %&. ± 

= i£ ~ i 4 

=■ -IQ Jr eg 

S\,« * £». MPa 


<5^. - -S4 MPa, 



PROBLEM 7.9 



7.9 through 7.12 For the given state of stress, determine {a) the orientation of the 
planes of maximum in-plane shearing stress, (A) the maximum In-plane shearing stress, 
(c) the corresponding normal stress. 

SOLUTION 

S^rlSIrti 6}T-l2Ui! ry-8ks.i 

'*> +“"»•* - -ST3T • -• "* 

Z0 S - - © s r - SO.14^ S1.0*** — * 

(t) tL, - + v 


~ y e 8 - ,7 ksi 

_ g- _ G'x + s; _ is- ig 


PROBLEM 7.10 



7.9 through 7.12 For the given state of stress, determine (a) the orientation of the 
planes of maximum in-plane shearing stress, ( b ) the maximum in-plane shearing stress, 
(e) die corresponding normal stress. 

SOLUTION 

6 ", , 2 Tin 6 j = i° Us; ?-3k%; 

IS* G.--X6.S7*, fe3.43* -* 


lb ) r„„ * + zj 

* Sks; -» 

<fc> C* * 61„ - = -2-±JS. , t !»,- -* 




C ) 


PROBLEM 7.11 


40 MPa 


35 MPa 



60 MPa 


PROBLEM 7.12 


48 MPa 



7.9 through 7.12 For the given state of stress, determine (a) the orientation of the 
planes of maximum in-plane shearing stress, ( b ) the maximum in-plane shearing stress, 
(c) the corresponding normal stress. 


SOLUTION 

61 r -to HP*. 


=r - 40 MPa 


= 3 S HRs. 


(a .1 Z&s * - 

2 Uy 




t - . o. zasn 

= 7 . 97 ^ 97 . 97 ° 


cw r. 




(j SP* —Y <-(3 6-f -- 36. V MPa. -» 


CO s' r eu -- , -so MP<x 


7.9 through 7.12 For the given state of stress, determine (a) the orientation of the 
planes of maximum in-plane shearing stress, (A) the maximum in-plane shearing stress, 
\c) the corresponding normal stress. 

SOLUTION 

CyOtMR*. 6^-48 MR*. r- CO MPa 


£cl) fa n 2©$ 


- _ s _ j© ±jl — . 0.5*333 


28.07* 


05 - - 14.04% 


(b^ tMO, * 


(^) * V 

-- 


- <S8 MPa. 


(c) S’* - < 51 *. - 


61+6; 


l£-48 


MPa 





PROBLEM 7.13 



7.13 through 7.16 For the given state of stress, determine the normal and shearing 
stresses after the element shown has been rotated through (a) 25° clockwise, ( b ) 10° 
counterclockwise. 

SOLUTION 

S* = - No Mp* 60 MP* r*, = 70 MPa. 


r 10 MPa 

& 


- ~ SO M Pa. 


;■= j -6 * 4 cosZe + s.'« 2 e 


■- - s.« 2© * •&, 

c *s 2© - ^ 


(a) 

e 

= - . 

25° 

%e * - 5o ( 

> 




6*' 

r 

10 

- 5*0 

cos (*5*0* ) 

+ 20 

scVi (-5*0*) 

- -37. 

5 MPa 


» sr 


+ 50 

*vi (-4&T ) 

+ ?o 

COS C-^0°) 

= -25. 

M 1*1 P* 

<* 

- 

)o 

+ SO 

C 05 (- 50 * ) 

- 20 

5/V) (-50° ) 

= 57. 

5 MPa 

(W 

e = 

/a" 


2<9 * 20 * 





S'.' 


lo 

-SO 

Cos (30*1 + 

20 siv»(2o") = 

- 30.1 

MPa 


« t 


•f sfO 

5m ( xjor ) +. 

20 6« 4 C2o’') =■ 

35.^ 

MPa 


n 

Ho 

+ 5"o 

cos (2o w ) — 

20 i 


50. 1 

MPa 





PROBLEM 7.14 


7.13 through 7.16 For the given state of stress, determine the normal and shearing 
stresses after the element shown has been rotated through (a) 25° clockwise, ( b ) 10° 
counterclockwise. 


\) ) 



SOLUTION 

<5** - O 


M fix 


= - 5o MPa 


- - 40 MPcc 

2 


— r MPa 


6v' - 


= os 26 + ^ s i*2e> 


~ - sm Z& + r*, csZG 


_ _ 6,* 6V 

' 2 


Co3 ~ Sm* 20 


Co) G - - 2S K 


20 - -SO 


'Y . . T 

t* Y 


ffy * 


(b^ £ 


— 40 + HO cas (- So* ) - SO (-50° ) t M.o MPa 

- 40 «.'* (-50° ) *S0 COS (-So*) - - LS MPa 

- 4o - HO cobGS^Us-Oiii C-5C°)’ -IOH.0 MP 

lo° 20 = 2o° 


6>*» - “ 4© + <40 coi (StoO - 5o 5 ih(2o # ) * - 1?.5 MPa 


2cV ~ 




- 4o s/^ ( 20 °) - 50 Cos (20°) - - GO.T MPa 
-Mo - tjo c °s (2o* } 4 50 s** (20* ) r - GAS MPa 



PROBLEM 7.15 


7.13 tferoagh 7.16 For the given state of stress, determine the normal and shearing 
stresses after the element shown has been rotated through (a) 25° clockwise, ( b ) 10° 
counterclockwise. 



SOLUTION 


6; = 8 kti 


<Sj r - \7 v*; 


r*, - -c fcs, 


fit ±- St - -2 ksi 


<5,-6; 


r JO Its.* 


6«' 


J ^ cos2© -v SiVv 2© 


Tvv - 


6^-6^ 


2© 4 T*>, C.OJ, 20 


6y - — c.s 2© - 5iv, 2© 


(cl> a = - as* 


20- -SO' 


- -2 + 10 coz(-SO°) - £ $**(-£©•) “ 

Tty - -jo «5/Vi (--So* ) ~ (o cos (“5o ) “ 


*1.02 ksi ^ 


3.2o ksi -• 


fiL. * - 2 — * 1 o cos C-5© # ) + £ sfn (rS* ) -* - 13 . 02 Vsi 


ttf e - 


* 20 ' 


6',, - - 2 4/0 cai(?o*') - £ s«n(2o°) * S. 3*/ ksi 


£>v - - |0 - £ cosCl**^ - ks, 


- - 2. - 10 cos (3U> # ) 4 £ si* C 20 *) ~ - 9.3H ksi 


9 / 
^ / 


c J 



PROBLEM 7.16 


7.13 through 7.16 For the given state of stress, determine the normal and shearing 
stresses after the element shown has been rotated through (a) 25° clockwise, ( b ) 10° 
counterclockwise. 



(oO © = 


SOLUTION 

6^ = 0 6^-16 kv "Kg = IO ksr 

=■ 8 ki. g|f ~ ^ =• - 8 ksi 

<SV - + Slz-Ql cas 26 + s.« ze 

•r.y - - •ae + -Tq cos 2e 

6y T Cos2e " tr.js.v.26 

26 -- - 


S'*. - 8 - 8 e»* (-«>“) + 10 a.« (-SO*i XT -h. to let,; -m 

'fry r 8s.v l (-w'l 4 IO c °i(.-So‘) - O.'io ksi ->• 

Sy = 2 4 8 cos C-Sto" 'J - 10 ».« (-SO* 'l = ZO.Zo kii -* 


(bl © = 10° 

<5,. = 3 

T*y T 
6y - 2 


20 = 2o“ 

* 8 cos (2o°') 4 10 $t* (To* ) r 

2 Si* (20* i 4 IO CS ft©*) - 

4 % cos fto*') - 10 COS fto*) - 


3.90 kt, 
12. 13 fcs. 
12. /o kii 



PROBLEM 7.17 


7.17 and 7.18 The grain of a wooden member forms an angle of 1 5 ° with the vertical. 
For the state of stress shown, determine (a) the in-plane shearing stress parallel to the 
grain, ( b ) the normal stress perpendicular to the grain. 



SOLUTION 

= - 3 MP* Sj - - 1.8 Mp*. r>y = o 

9 - - IS 9 -3 o'* 

(4.1 r.y = - £i» Zb * T«s si n ?© 

- ~ ~ 3 |— - Si»(-3o“1 + O 
~ - 0.300 MPec 

(b^ cos 4© + s.V. 

= .Jdl t r 3 ±M ^(. 30 -) + o 
^ 2 

C -2.1*. MPa. -« 


PROBLEM 7.18 



7. 17 and 7.18 The grain of a wooden member forms an angle of 1 5 ° with the vertical. 
For the state of stress shown, determine (a) the in-plane shearing stress parallel to the 
grain, ( b ) the normal stress perpendicular to the grain. 


SOLUTION 

s* = o 

6 = - l£~ 
(a) r x y - 

M 6*. * 


Sy ~ O — 4&0 f *1 

2© * - 30° 

- Sivi .2© + liy CO% 

-0 + .Moo Cos (-30°) 

p»r 

S+S + . S l l S cos 2© + s*n 2© 

A, 

0+04 MOO Sm(-3o 0 ) 


r - 2oO p*t 






PROBLEM 7.20 


7.20 Two members of uniform cross section 50 * 80 mm are glued together along 
plane a-a, which forms an angle of 25 0 with the horizontal. Knowing that the allowable 
stresses for the glued joint are a^= 800 kPa and r= 600 kPa, determine the largest axial 
load P that can be applied. 



SOLUTION 

1 P/A 



For pfane B - feS” 


-- o TL - o 


' A 


S' - 6 * & 4 Sj & +Z / £*J Si '/» £ Q 

■p - *io~* )(soow/o*) 


Sm cr 




O •+ -? s i r* z &£ + O 

r\ 

Z.w+ic? N 


t - ’(^c 51*10 605© + T'jy (co& 0 - ) “ -j- S i ^ G£> 0>S £5* 4 O 

<^> r A x/O ^ X&OQ */Q 3 v /Q 3 V 

si h 65* COSTS’ 0 £05 65’** 

A Jto^Ue Vajoe of ? Is He s«U/eA P- 3.9oy/o'W - 3.<?0 /(V 





PROBLEM 7.23 


7.23 The steel pipe AB has a 102-mm outer diameter and a 6-nun wall thickness. 
Knowing that arm CD is rigidly attached to the pipe, determine the principal stresses and 
the maximum shearing stress at point H. 



SOLUTION 


r r ^ r igl s 51 
° % 2- 


r z = r D - 1 = 

H. i8£5 x|o c mom' 


7. 

\ 


4. fSSS* /o' 4, mi* 


Force -.cooph a^s4e«v» of ce^4e^ of +ol*e 
e cokv'f ^ poi"+S M 1C. 


F y - Id v/o s N 

NL - C/dwoM(^oox|0‘ 5 ') * £000 1^-*. 

tf\ = ~Uo*lo')(lSC>*lo' 1 ) = -/500 fj-rr> 



"Tors ioii 



y 

-H* 

I 

r - 

M y - 

2ooo Ki - m 

1 

H 


c - 


51 x/o“ s ** 

'i 



I 


Tx 



3tr 


Tc , r W.S7 W0‘ P* 

•kj j" h.jsst* io 

5 V/gyAS €. Ske«a^ _ J _ u 

Fo/' semi ciVcie A = Jp 

a* aj 

Q.*Q,-q.-* |C-|c J - *7.6a*wu 5 

V r P„ r 1 0*10* N 

- . ViS. - (lo»ie i )(z7. W*lo' L 'L _ || o? x /o‘ Pa. 

It (2.o^27 x/o'^K 12 ) 


mwi 

r 27. G8M*IO~‘ Hn* 

t 12^- /2*/0' 3 *v, * 


H 


SeMg/t’n^ - Poi*»+ M Aes ** neofavJ axis. ^ = O 


TZi+f sfr^sses p®»vf f-i • 6y - 6^ r O 

2C^ s M.’&'lO* f 11.07 *10 * 35.3? x/D Et 


6L. - i(6; + <V -- o R - = ss. si *K>* fa 

5^ r <5^. + R = Pa * 3^.4 MPa. 

S',.;, -- Sw.-R - -3s.59^/o‘-Pa - -3SA MPc. 

- 1? * 


t". 


3S.M MPa. 






51 mm 



7.24 The steel pipe AB has a 102-mm outer diameter and a 6-mm wall thickness. 
Knowing that arm CD is rigidly attached to the pipe, determine the principal stresses and 
the maximum shearing stress at point K. 


SOLUTION 


/V - “O 

'° ' T 


log Cl 
- ~ O I 


^ - f,- t - 4S 


Jr IM ft H.IVSSxiO* 

I - 4J" - ^.o^7v/o‘ 6 

fw»rce - c cn/f>fe s^S'l'e** cerrfetr c»F i«/\ "Hie 

p fun*. poi’A4s H &i*A K 

F* ~ /o k M - lo*io 3 M 

M j - (lo*io' i )(2oo*/o~ 5 ) ~ 2.000 

M* - - (jo* /o'XlS’o* to‘ 5 ) ■* - isao 

A} po/<t ^ K j p^Ace jPocd X - i K> 

z- ettVCc^lOA 


T ~ My z 2ooo M* m 


C'- - £l*lo~ z m 


~ - s 24.37 ;/ 0 ‘ P a r ?1S7 MP*. 

T^nsve^e • Sfr<ss <stae si/e^se she*.** \J - fy is 2 €«po pt K. 

IlSjl- = ' IS z°^wV^ r 36 .&(>-*IO l To. - 3 (,.S& MPa 

Poi'ni K -A'C-S ow Co^^SSlOVi Sld« «*f «bftVs : * - 3>c. Si MP« 

Tolai sirtsses U p.i«+ K S’* - o ^ - -3£.5t MPa ; 7^ **137 MPa 

6^ * •*(€"» + 'l ' -18.88 MPa 

fe* 7 (^ ) l + r^ 1 - 30.46 MPa 


61 


6; 


R = - )8.*8 + 3o.46 * + 13. /8 MP< 


* 6"^ - R ' - 18.88 - 30.46 - -48.74 MPa 


* R 


30.46 MPa 



PROBLEM 7.25 




vn 

‘l 

J 

P 

s 


7J!5 A 400-lb vertical force is applied at D to a gear attached to die solid one-inch 
diameter shaft AB. Determine die principal stresses and the maximum shearing stress 
at point H located as shown on top of the shaft. 



SOLUTION 

^orc^-cojpJe <ai certi** eft 

i poi«d H. 

V- ‘too J k M = (too)(&) - 2460 Jh-i» 

T *• (Hoo)(t'> * too Ji in. 




CruSS Stf 


<S^ * . 


TtprSt oia * r "j 

6- - -g* 

TVyt»is\/e‘ /s S€’ * 

yi 

H.o7M ks. 

— > 5w.v*l6 it«; 
— * 




d - C-flfif = 0. 5" 

vj-Je** - o.o^sns - ;*>* o.owoz 7 ',«* 

- _ 4.074W©* Y>*t r 

o.onns r 

- (^ QQ V°- S ^ - - VI Mt ks! 

0.04^0*7 ’ r 

S*fress fld PomW M <5 zero. 


e; - 

24 .<ft4 fc*» 

V ° 

7. y 

- k* ( - 

s'... 

* i (6^ + ^ ^ 


ks; 


i« 

C* 

■* 

^ - -J(n 

'.Mi)* 

+ C+.o7«/V* 

- 

la.gg'f k». 




6. - 

€u + ^ " 

ZS.tol 

fcl/ 

- 


6^* - r = 

- 0 . 64 / 

i^Sl* 

— 


r M4 * = 'R » k*; 






ZHJlk 


PROBLEM 7 26 7.26 A mechanic uses a crowfoot wrench to loosen at bolt at E. Knowing that the 

mechanic applies a vertical 24-lb force at A, determine the principal stresses and the 

maximum shearing stress at point H located as shown on top of the J - in. diameter 

o i VaJ ■f ~c&opJ* sj S"}ewv cew+o/' 

in \ ifn se<yf*dv\ H. 

_ , v - w K. m - (MY*) - i4*y it* 

j T ” 5 ZVO JILi* 

Sh<=cfi c^oss se*fu?n : ^ ~ 0.7S iV> ^ 0.375" i*>. 

fc H = 0.031043 ' m 4 0 .015532 i» V 

T _ • - /v s X& ( o) (0-3752. _ ^ sq-?*|o* **; = 2.877 lesi 

To^s.om. Z j- 0.OS1O43 * 

-n- I. . _ Me y 04*0(0-375).. - * 477 xfo* p%i - 3.477 fes» 

O > y- 0.015532- 6 " 

Trfc.srerse 5he«r t At pai«t H »tms t° tr^s^ers* .5 zero. 

R«uJW treses •• ftr 3.477 lew, §» O, TT,, - .7.847 tsi 

$L. ’ * <G ♦ «& ) * , . 7 * 8 

D ^ 1 1 G- - & V ." -r - * 7 1.73**+ 7.847 1 = 3.37g ki,' 


Tot^Sr 


R - 

AS® 

r+ 

6T* * 

<57. + 

'R - 

€% * 

<S7. - 

- 

/ tL- 

r R r 

3.3 




PROBLEM 7.27 


7.27 For the state of plane stress shown, determine the largest value of a y for which 
the maximum in-plane shearing stress is equal to or less than 15 ksi. 


SOLUTION 

B, -- \Z k/i, J <^ = f i -r, 3 =r 4 k,.- 

L4 u - % * (Sv - 7o 

R - * IS k*. 

u = i -/ R * - t'Kj’- - ± -//£*■ - H* -J- 14.457 k,,' 
Gy - 6;-2t> - IZ T 12XH.VS7') - 4 D.4 ks. , -(6.9/ k-s. 




'aJ^i 


v<xytye 


PROBLEM 7,28 


-P^ 6y is \re^u(Ve«s4 . ^ /^s»" 


7.28 For the state of plane stress shown, determine (a) the largest value of t v for 
which the maximum in-plane shearing stress is equal to or less than 12 ksi, (A) the 
corresponding principal stresses. 


8 ksi 



SOLUTION 

6* ~ to ksi , Sy * - 8 ksi J 'Yy - ? 

TL. - R * 7 

- -j V 4 -r.y =■ k».- 

* -Jit 1 - = 7.94 Its! 


M - i(<s; + ff r ') - i k'« 

6L * 61. + fi * 1+12 = 13 fcsT 

= 6^- f? =• » - 12 = - H k».- 



PROBLEM 7.29 


7.29 Determine the range of values of a x for which the maximum in-plane shearing 
stress is equal to or less than 50 MPa. 


75 MPa 
— — 40 MPa 


SOLUTION 

6„ - ? , Gy = 7S MPa , -- Ho MP* 

Let u - 6, - 6y * 2u 


R - i/u'+ t*. 


- 

U <r^K 


6* = Sf * 

- M?* 


u * ± 3 d- - 4o' = dr 30 Mfl* 

S; = 6^ + 2l/ ’ 75 * UX$.o) * J 35 - ^ IS MP* 

IS tip*. ^ S"* < 135 MP^ 


PROBLEM 7.30 

1 2 MPa 


F?5° 12 MPa 


7.30 For the state of plane stress shown, determine (a) the value of for which the 
in-plane shearing stress parallel to the weld is zero, (b) the corresponding principal 
stresses. 


SOLUTION 

S* * HP* J % r 2 a 2^ = 



Since = ^ j X -<s4 

is a. prtftci'pAj 

0p - - IS° 


+cl« 29 f - 

ax') tw, = - - 1 1.9+ hp^ 

•R ^ (?££&)* + = -)£"■* Z-S*! ' *• £.773S MP*. 

6U - ) - imp* 

pi 6^= (w -* R * 7 + s.773f ■- (2.77 

» 6U - R - 7- S".77Sr ’ /.22G. MPa. 


) 



PROBLEM 7.31 


731 Solve Probs. 7.7 and 7.1 1, using Mohr’s circle. 



73 through 7.8 For the given state of stress, determine (a) the principal planes (b) 
the principal stresses. 

7.9 through 7.12 For the given state of stress, determine (a) the orientation of the 
planes of maximum in-plane shearing stress, (b) the maximum in-plane shearing stress 
(c) the corresponding normal stress. ’ 

SOLUTION 


6* = - GO MPa. 6^ r - Ho MPa =3S MP<x 


Poi^'ts 

X : (-6;^ - Zy) ~ ( - &O M P * } - 3T MPa.') 
Y-CSjj )•- 35- MPa ) 

C- OS*.*, o ) -- C-s>Mp Aj o) 

z 3 = jf ’ 3 - So ° 

0 = 1H.O0’ 

&e = - st/ 3 1 - 37.03 ° — 

otr ISo a ~ 0 T \oS.lS* 


0, -- 

£<*. » SZ.77* 




R = -, 

/c&' + Sx 1 = 

-/ |o l + 35 -1 ' 

- 3G.4 MP* 



-- SU - R - 

-SO-3&.V a 

-*6.4 MPa. 

-a 

©W, 

= - 

-S'© 4 36.** - 

-13.6 M R*. 


Oo - 

6 a 4- * 

7.77° 


— 

© e = 

4- 45° - 

77. 77° 


- 


- R = 36.4 

M Pa. 




<5' - S’.* - -5o MP*. 






PROBLEM 7.32 


7.32 Solve Probs. 7.8 and 7.12, using Mohr’s circle. 



7.5 tknwgh 7.8 For the given state of stress, determine (a) the principal planes, (6) 
the principal stresses. 

7.9 throagh 7.12 For the given state of stress, determine (a) the orientation of the 
planes of maximum in-plane shearing stress, (6) the m ax im u m in-plane shearing stress, 
(c) the corresponding normal stress. 


SOLUTION 


6; - 16 MPa 

p r ; 

z 


Sj.-HS MPa Zy --60 MPa 


-16 MPa 




PoiA't.4 - 

X: CS^-%,)-- (/6MPa J 6oMPa') 
Y - ) - (-48 /I Pa,- COMP.} 

C : " (- o) 


4a *1 cL~ 


PX _ _6o 
CF " 33. 


oL= Cl. 13' 


I.S75 - 



- 30.96 



S 

(MPA 


(S - 1 80°- o( ' 118.07° 

©a = */& ’ SI. 04’ 



\ cf ' 

+ 

FX* =■ Y 32* 4 60 *- = £8 MP* 




r 

<SU +ft * - 16 4 68 - £ 3 . M Pcl 

- 




6^ - ft » - J6 - 68 ' -si MPa 

- 

©0 « 

©A 

+ 

p |4.0<T 


0.’ 

Oe 

+ 

45" - 104.04° 

- 


- R 


= 68 MPa. 

- 

6 # * 

<s... 

- 

- 16 MPa 

-a 



PROBLEM 7.33 



733 Solve Prob. 7.9, using Mohr’s ckcle. 

JJLl*?*** 7 ’ 12 ■ F " thc ? vcn5tatc of stress ’ detenaine (a) the orientation of the 
planes of maximum in-p!ane shearing stress, (A) the maximum in-planc shearing stress, 
(c) the corresponding normal stress. 


SOLUTION 

<5; r \« 


6>J Z - \2 Wt.i 


ti,-- 8 ksi 


=■ 3 frs. 


'O (k.; 


Poi-vK 

*•' HnK-th.') 

Y-‘ (6}^ ) -C-I2k»; 4 8 ks. ) 

C •• (6W, O ) * (3 k* , O ) 


L rJ - FX g 

tan5i ' CF " IF - °‘ 

cL ■ 28.07 ‘ 


5333 



& A - i<*. - I Hof 
Qj,: 0 a + 45* = 57. OH’ 
e B - e* - - -3 o.<?4° 

R - -/ CF' Fx* - -/|S 1 + 8 X * 

r„.„ - r ■=• 17 vs; 

6' = G_ - 3 ks.- 


17 ks,’ 



PROBLEM 7.34 


134 Solve Prob. 7. 1 0, using Mohr’s circle. 


2 ksi 



7.9 tbroKgh 7.12 For the given state of stress, determine (a) the orientation of the 
planes of maximum in-plane shearing stress, (b) the maximum in-planc shearing stress, 
(c) the corresponding normal stress. 


SOLUTION 

6* = 2 ks, 




- _ 2 \ 10 _ 


Ci r lo ksi = -3 ks 


& ksi 


PoivK 

X: (^ks.^3^.0 

C- 0 } r o) 


, . FX 3 

TCiv) ot ** pc ' * 0.75 


Ol “ 36.37* 



0» - iot » 18.43° 


© B ' 

Q 6 - 45-“ r 

• *6. 37° 

-* 

0 e * 

+• H5” x 


- 

R - 

7 CF 1 -• FX' 

-/TsT 

- 

Z... 

- R - 5" ks. - 



G' 

’6^-6 ks, - 







PROBLEM 7.35 


60 MPa 


20 MPa 



40 MPa 


7.35 Solve Prob. 7.13, using Mohr’s circle. 

7.13 tfcrovgh 7.16 For the given state of stress, determine the normal and shearing 
stresses after the element shown has been rotated through (a) 25° clockwise, (6) 10° 
counterclockwise. 

SOLUTION 

6; t: - *fo MPa. 6£=r€oMP«. 


fr - St t & r 


r \0 MPa 


Points 

x : MPa ; - 20 

y: 2 oMPO 

C* ( lo Mfcj 0 ) 

= To ~ -- OA 

fy* 16^0° } 

R = V PC.* + FX* = V- 5 " 01 + 1 53.8SMPO. 

Cal 0 * 25 p -i 2e>* fo' 'l 
(p^2e-2ef,- So°- zi.&o* r ?g.2o') 

Sy- = - Q cos $> - -37. f MPa. -« 

fyj' - - R s.V. J - -2S.4 MPo. — « 

5y - 6L, + Rc.s<p = S7.S HP & 

(b) 9 -- IcO 29 = 20 - 3 

(J r 4 29 - Zf.S 0%2o° - 41.80°) 

6V - 61« - P os cp * -so. i MPa ■ — 

% 1 R si*<? =■ 3S.4 MP* — 

Sj. ■= +Reos <p - SO. I MPc, 



& 

C MPa) 


r) Chpo.1 





PROBLEM 7.36 



7*36 Solve Prob. 7.14, using Mohr’s circle. 

7.13 through 7.16 Foe the given state of stress, determine the normal and shearing 
stresses after the element shown has been rotated through (a) 25° clockwise, ( b ) 10° 
counterclockwise. 


SOLUTION 




= O 6^ r - 86 MPa 
- £*+£>*. = - Yo Mpa 


- -So M Pa 


Poi«i» 

X : ( 0 J So MPa.) 

Y •• (- 8o MPa, - SO MPa) 

C : (-4° MPa, O) 

W Z6 f : £*. § = l.ZS 

Z&r - st.if 

R --jcF 1 + fx ‘ - V '*>*+• so' 

= 64.03 IMPa 

t a.-> e* *©*.«>•} 

Cp * - so' -- 1.34° 5 

G y ' = Gw« + 24.0 MPa 



a> 


'tx'y' ■ — R 3 "" '■p ' ~ I • S MPa 
Gy * Gw.-Rc» 3 ^ «• -lo-J.o MPa 

e « /o # 3 2B-Z0’t> 

$ - si.z t* + 20" * ii. s*r 

Gv ’ 61* +• Ros cp = -I4..S - MPa 
T/y - t R 5'»o cp T - 60.7 MPa “ — 
Gy - 61* - & cn p 7 - &o.S MPa 






PROBLEM 7.37 



737 Solve Prob. 7.15, usmg Mohr’s circle. 

7.13 through 7.16 For the given state of stress, determine the normal and shearing 
stresses after the element shown has been rotated through (a) 25° clockwise, (6) 10° 
counterclockwise. 


SOLUTION 

£T* - 2 k&r 


6^ - - 12 kst* 


S*. - €j = - 2 ks.' 


X: (2 ksi, £ ksi ) 

Y : 6*12 u$; } - q ) 
C: (-2 o) 


ton ^ - — * 
ze ? = 2>o.<U° 
f? rJCF Z + FX’ 


r £* , f e 0.6 

CF 1° 


lo 1 + 6* - ksi 


(a) 9 = 25“ l Z&-- So * ) 

- 3o.W* " 1‘f.O‘t* 
e„.- 6"^ ; ‘f-ox ks.' 

-2ty - R Sin 9 r 3. SO fcs.' 

Sy = - li.oz kti 

M 6-1 0"3 Z&-Z0'Z> 

r 30. +* *o # - 50.96* 

6T*«* <S^ + £co*<j> = 5.34 k*, 

Ky ' - R Sm 5P " * %<*> - 

- 2cos(P * - 9.34 ks.‘ 


^ r - 6 ksi 





2T) £k*0 




PROBLEM 7.38 



Points-' /_ 

X- fo_,-loki;) 

Y: (IS kslj lo kii) 

C- ( 8 lAi j o ) 

Sl.iH* 

R * r J 

a 12.8/ fcfti 


7*38 Solve Prob, 7,16, using Mohr’s circle. 

sJ«fe?aX? h theeL F ^L 8iV T St ?L of stress ' ^ermine the normal and shearing 
SSS£ S^Se. rCtated throu 8 h <*> 25 ° clockwise, (b) 10 f 


SOLUTION 
<T* = O 


* IS ksi' 


^ * s k»; 

T riJ(K,-> 


8’+ /o 1 


“ lo ks< 


V. 


(a) e = *5“ "i xe * ^o" •) 

3?-- Sl.St 0 - So’ = /.3V 

6v - 6«v< - R cos <p = - </.«/ J< SI - 

r R 5i« tjP - 0.30 kit 
<V - Sw + Rco^ 4> * ^o.«i Ars; 

Cb) 0 - /oO Z& * zo '5 

(p^ Sl.Z*T + 2o° - 7/.3V v 

6v T §U - 9coiflp = 3.^0 ks»‘ ■ 

*2*/ ~ R s»w p - 13.. I 4 / /(Si 

Gy T 6^« + Rcos<g> = \ZJo kst 


r J (k%o 






PROBLEM 7.39 


1.8 MPa 



739 Solve Prob. 7.17, using Mohr’s circle. 

7.17 and 7.18 The grain of a wooden member forms an angle of 1 5° with the vertical. 
For the state of stress shown, determine (a) the in-plane shearing stress parallel to the 
grain, ( b ) the normal stress perpendicular to the grain. 


SOLUTION 

<5, r - 3 MPa 


^ r - 1.8 MPa 


= ° 


r r - 2.4 MPa. 


Poi*4s 

X: C^-%) ’ o) 

C.: (6-.^ o •) - (-2.4HP 




r} (MPa.') 


e (MPa') 


e = - ir* 


Z9 ■- -3o’ 


CX = 0.6 MPa. 


R = 0.6 MPa 


Ca) - - ex' sin =■ - f? s,'* 3d' - - 0.6 si« So* - -0.3 MPa 

(V> Si' - 6^, - CX'«.3o* = -2.4 - 0.6 coziD 0 -- -2.4? MPa 


PROBLEM 7.40 



7.40 Solve Prob. 7.18, using Mohr’s circle. 

7.17 and 7.18 The grain of a wooden member forms an angle of 1 5° with the vertical. 
For the state of stress shown, determine (a) the in-plane shearing stress parallel to the 
grain, (b) the normal stress perpendicular to the grain. 


SOLUTION 

6 % = S, = o 

S' r fit + St = O 


=400 psi' 


2(1 (MPa') 


Poi^+s 

x: - O, -<*oo P s;) 

Y- (6jj 1 - (o> p»; ) 

C:(e«,o 1 =• Co,o) 


0 = • ur 

CX •= R 


ZB r - 3o“ 


4oo 



J5" 

(MW 


(o.^ -fry - R e»» 30° r 400cai3o° = 346 psi' 

(U &„• - 6L*- - -‘too s.A3i>* - pt./ 







PROBLEM 7.41 


?I1- 



7.41 Solve Prob. 7.19, using Mohr’s circle. 

7.19 The centric force P is applied to a short post as shown. Knowing that the stresses 
on plane a-a are <7= -15 ksi and r= 5 ksi, determine (a) the angle /7that plane a-a forms 
with the horizontal, (b) the maximum compressive stress in the post. 


SOLUTION 


Si* O 
'tw* O 
Sj = - P/A 





x' 


0.3353 

= W + zk ** 

£ - - (SKIS') 

A I + ZOSZ/Z I + Co 3 ,^/S 

' 1C. 67 k*>; 


/3 - n. * 




PROBLEM 7.42 



A - (so»lo'*Xso*{6 7 ) 

■ 9*|0“ S *' 


* : fe 6inScr 


7.42 Solve Prob. 7.20, using Mohr’s circle. 

7.20 Two members of uniform cross section 50 x 80 mm are glued together along 
plane a-a, which forms an angle of 25 0 with the horizontal. Knowing that the allowable 
stresses for the glued joint are a= 800 kPa and t~ 600 kPa, determine the largest axial 
load P that can be applied. 


SOLUTION 


<S> O 

° 

9/A 




5 ' icr<t 


(e -r') 


S = C l + fl'5o° 

p r 2 A 6 

j + 50° 

. (g v lcr*}(2QO ^ 

' ^ 14- cos So° 

f s 3. 90 x jo* N 


o. 2A t 

‘ “ SlhSo* 




sf*. So* 


-fAe StocJ/fef *P ^ 3'^o*(o V * 3.9o JfU 



PROBLEM 7.43 


7.43 Solve Prob. 7.21, using Mohr’s circle. 


7.21 Two steel plates of uniform cross section 10 * 80 mm are welded together as 
shown. Knowing that centric 100-kN forces are applied to the welded plates and that 
25°, determine (a) the in-plane shearing stress parallel to the weld, ( b ) the normal 
„ stress perpendicular to the weld. 


SOLUTION 


100 kN 




„ 106 " = I 25 *I 0 ‘P* ’ 

()ov(o‘*)(80*lo~ 3 ) 


S’j - O 


- o 



Frowt Mokr^a cirole 
( 0.1 T* - 62.5 s.n So° r H7.9 MPa. 


&,') 61 - 62.5 + 62.5 os So' 
- \oi. 7 MPa. 




PROBLEM 7.44 


7.44 Solve Prob. 7.22, using Mohr’s circle. 



T ^ 


7.22 Two steel plates of uniform cross section 10 * 80 nun are welded together as 
shown. Knowing that centric 100-kN forces are applied to the welded plates and that 
the in-plane shearing stress parallel to the weld is 30 MPa, determine (a) the angle p> 
(A) the corresponding normal stress perpendicular to the weld. 

SOLUTION 

o ^ = o 




PROBLEM 7.45 



7.45 Solve Prob. 7.23, using Mohr’s circle. 

7.23 The steel pipe AB has a 102-nun outer diameter and a 6-mm wall thickness. 
Knowing that arm CD is rigidly attached to the pipe, determine the principal stresses and 
the maximum shearing stress at point H. 

51 mm SOLUTION 

r , st - IB. , si -- 

J - f K H ) t 

nm 1 * i S - 2.0^21*10* * 

Fowcoopie strict* ce.w4er fff 4ofce M 
c ow*} poiVf* H K 

S., F* » I owo 1 N 

K r (|ox/gM(206v/o‘ S ) r 2000 

M* — _ (/oxlo’X/SO^o -5 ) *• - \£oo W-m 


2> *T* 


7ir*»W T = My " 2ooO W -»* 

C. s - £t*lo* 

•V - I£_ r laooov^iwo' 1 ! , S T MP«. 

t-HM u I«rr w Ir\-l 


J- 4.1 •*:»«>-* 

TrAtnSvCxAse SKect** ~ __ 4 

y Fo^ scmi’etWA A r 5 ^ ' 37T ^ 

Q - AJ = 5 f 

Foe pipe <*= QL- Q; - *■ ?7.C8tWo 3 ^ - Z7.CSi*l°‘ m 3 

V r F« = IO*/O s M t - (2KO - (2-- - l2*IO~ m 

V - Vj& = ( |W ^V/^' 0 ^ , 11.02 Mf« i H I 

z *0f It KI2WO-* ) 1 — X 

Point H o* «*is <$y r ° 

T*U «4 poi4 H G,*°>6g*o ^ * av.37 + n.o^ -- 35134 MP* 

T*j hp * 

_.l £*« r O 


35.34 


• (*Po 


*R = 35134 hP« 

6^ -- 4 R = 3^.3^ HP* — 

6L-«* 6^-R - -35. SI MP«. — 

r^. - R * 35.31 MP*. "*• 


35.31 


■35.31 


p 


PROBLEM 7.46 7.46 Solve Prob. 7.24, using Mohr’s circle. 

7.24 The steel pipe AB has a 102-mm outer diameter and a 6-mm wall thickness. 
y Knowing that arm CD is rigidly attached to the pipe, determine the principal stresses and 

the maximum shearing stress at point K. 

6 m %wssr mm SOLUTION 

= f * ^ * Sl ***' 

J * t\.) 2 SS*lO - ' 4 .I 9 SS*I 6 ~‘ n 1 * 

C jgj ISO mm - 7.09 27 MO* 4 

- Coi>p7e sysfet+y at ce*te* of +t>&e m tAe 

r (10*/0 1 K200*/0 -S> ) “ 2000 N-V* 

_y \M a - - W C?‘ s ) 9 - isoo M‘U*\ 

Tors Ton- T=Hj 5 <?O 0 £)W**v> “ 1 * 

*‘^ M 7 C-- r. - ffi-io- *, J K I 

£,» ^ r X2eSoX£UUs2l = 2^.37 MPa. *- * 

Noic Hat $oc*J X-a.x\$ is ejPoba^ 2- al ifi-t&Ho* 1. 

TV^tvvsv'erse SHear t Stxts ctae 4* V “ F* /s z«^> at pof-vt K. 

Bering: |6J| - -- 3£. St MPa. 

J I ZoiZ7*lo fc 

PoiVj K A«i oio co^r'essf'o*^ stale o-f rtec/l^*J <v*i‘s. 6^ - - 3C..5& MPa. 


Y 



6T(hp^ 



-34. 5L MPa , 


= 24.37 MPfl- 

^a%*e 

- + 

r - 

18. 28 MPa. 

K-1 

/(^# 7 7 


= So.46 MPa 


- 4 P - 

- 

j'e.ss + 3<?.94 


r 

12. 

. »2 MPa —* 


- 6U - P * 

- 

13.33 -3o.9 4 


=■ 

-48.7Y MPa ^ 


= £ r 3o.</4. MPa. — 



PROBLEM 7.47 



7.47 Solve Prob. 7.25, using Mohr’s circle. 

7.25 A 400-lb vertical force is applied at D to a gear attached to the solid one-inch 
diameter shaft AB. Determine the principal stresses and the maximum shearing stress 
at point H located as shown on top of the shaft. 

SOLUTION 

-CoopJt sys4eH* a 4 ee*»4et^ of* sta'fH 

<*4 p©i*4 H • 

4 oo A M • (400XO * ZHooJk.iv, 

T - (4ool(0 =• 800 flo. in, 


SWfi dl^oss section p( * I i n C 9 * OmS ivt 


Tc 

ortio* - <- - j* 

- Me 


S' * 

Trans i/e^se Slie€»^ : 

susses 

n itert 



j = r 0.098ns" .v/ X = -kT = O.O^Sios? i* 

- (saoXO-S 1 ^ = 4 074*/o 3 p%r = 4.074 ksi 
(0.098175" r 

. CHoo^o-Sl _ 24. MU */oV* - 24.446 ks; 
0.04408 7 r 

S+**ss *-4 point M is ZC^O. 

6^ 24.446 ksi ^ 6^ = o, ^ 4.074 i*i 

iCK + fy) = W.«3 ^ 

R * V 

= /((?.223) l +( l *.oTH^ T 'S.W ksi ' 

(ksil + ft - ZS.I07 k*l 

6; - 6"~. - R * - 0.661 l&i 

R - 12. 82 W 




PROBLEM 7.48 7.48 Solve Prob. 7.26, using Mohr’s circle. 

7.26 A mechanic uses a crowfoot wrench to loosen at bolt at E. Knowing that the 
mechanic applies a vertical 24-lb force at A, determine the principal stresses and the 

maximum shearing stress at point H located as shown on top of the - in. diameter 
shaft. 

SOLUTION 

£r<yut i/dJe*"} -por'ce -coopj* a.4 oT staf-f' 

i/i sec4io/i cut poi/\ i H. 

V - 2*» A. M*(2*^0* l*/V Ji-i* 

T * LM )(io) » Z^o A-m 

Cf*uS_S setf'oM - cl - 0.75 iVi. C = i,d- 0. 37S* i'm 

J = |c* = 0.03/063 .V, * I = 5 J" = O.OISS32 iv.'* 

^ - ao^o63 5 ' = 1 kii 

6“* ^ r V r 3.47?Wo*p%/ = £.477 /c*/ 

j 2 o.oicrs* r 

1^**5 SKc«t^ * A4 po»Vi4 H Stress ctae +i sk©4^ I*S zepo- 

ResuyP4»*f4 stresses ' 6T X = *3.477 5 6^ r O } * 2-89 7 fcs,’ 


6^ s i (6* + 6^ ) r L 739 Vs» f 

r + ^ 

- = 3.379 

6w 5 + 1? ~ II 6 k% f 

61 * 6U - R «• - U<io Ws.- 

- R * 3.373 fcs,- 




ce/viev cA the Mohr's circle JU$ at po/wtC 


i ne 





PROBLEM 7.49 


7.49 Solve Prob. 7.27, using Mohr’s circle. 



7 17 For the state of plane stress shown, determine the largest value of for which 

the maximum in-plane shearing stress is equal to or less than 15 ksi. 


SOLUTION 


S x = a ksi > * f , r h to; 

X) v* 

r 

i sk%i / \ ^ 


Gw** - P * \SUsi 

yy ’ ZR. = so ks. 

Fy = ( MX,)* 8 fc* .~ 

Xt> - J XT’- - D? 1 ' - 


6" 

» ) 


1 ^ 


/3c 1 - 8* - 24.^ iA<‘ 


s, * + X© =■ a + 22.1 - V°.1 ks. - 



PROBLEM 7.50 




nocs^? 


{*- S ks/‘* 


I ks.* 
10 ks.‘ 


* 7.50 Solve Prob. 7.2ft using Mohr’s circle. 

7.28 For the state of plane stress shown, determine (a) the largest value of r for 
which the maximum m-plane shearing stress is equal to or less than 12 ksi (b) the 
corresponding principal stresses. v ' 

SOLUTION 

The of fh« Mohr's circle JVes p© .'*»tC 

With coordinates ( s (l ? o) 

OjO radios of -Hie c.\rc.^fe . i's 


T he sf^css p©.'* t 

Py' *W»e •'*« /i o-p "Ph 

| \ Holiv' c.i rc^e <3^ Th<? 

[_U S ( k ^ Q*x\re*\e points vw.ftj R •£ 

j J <***■ X, and y t . 

j / (a') The Aur 3 

I X 2 6f T*^ is okfaiVie^l -fv'o 

j COX, 

! w; - d*; - V"c *, 1 . cd- 

r.j •- /l2* - 9* = 7.9V <«.• ■ 


Cb ~J III'- principal sfi^eS5«s a*'* 


r l + 17 = 13 ks.' 

6" u = 1-12 * -II Us,' 



PROBLEM 7.51 



7.51 Solve Prob. 7.29, using Mohr’s circle. 

7.29 Determine the range of values of a x for which the maximum in-plane shearing 
stress is equal to or less than 50 MPa. 


SOLUTION 



+-kc Molirs ciVeJe _> penV't 

Y J?»'es a+ (75MPa^O MPa). 

»/ 

Tk* » us o'? 

c»Vc^«s rs R - SO M Pa 

Lel^ C, la a 'LL* 

+k« v*ost 

Ci rede. a,vuA C t lac 

<?P “Hie yV^kf Most 

q? e 50 MP* 

C^Y - 50 MP<* 

Wo4in^ rr^kt AtA^Jcs 
C, BY anrf C t Py 


.C,t>V + DY* “ C,Y * C,0 * 4o~ »S<0" C X D ** 3t> 

C«,rJ.n~f« o-l p..Vt C, «*>< O, 7S- Z°) -- Co, «S Mp & ) 

Li Itemise ^ char'd m«ie5 of poi«t C t *<w. - (O , 7 5*3o) = (O, 105 MP<0 
S o-f poiot X, C “tS- SOj - tto) * ( 15 nP* , - Vo MPa ) 

Coo^J.n Jes p-i-t Y, ( 1 <*+ 30 , - *o ) * (ttS HBa, - 40 Wp< 4 

Tkt poi'vii wu^if j\‘e o*^> +U. X| 

Tkus IS" MPct S S* ^ \%£ tfP* 


qo a * 40* - S’O 2 



PROBLEM 7.52 



7.52 Solve Prob. 7.30, using Mohr’s circle. 

7.30 For the state of plane stress shown, determine (a) the value of r v for which the 
in-plane shearing stress parallel to the weld is zero, ( b ) the corresponding principal 
stresses. 

SOLUTION 





X of MoUr V s C.VcJe 

Yrios'f' S\t o* X*X" So 

H Pa. . Li h.usiS€j 

Y Sits o* S tW Y*Y* 

So 'hkut - % MP<\, , TAe 

Coo of C 
> ° T 

CoO mj tS' cJ/&oU u/f 5 A 

-HurocJCj A lo*rs*w^3‘ 

CX 4 ® CSj ^ = o. 

R = sec SO- 

= i^R-sec 3t>* 


- S. 77 MPa. 


riuv 


3o‘ 


^ +*-. 3o° 


r -i 


=-2. ai hP«. 


6; - +15- 7 + S-.7? * l«.77 MK 

S'b * SU - R - 7 - S.T7 - 1. 23 MPa. 




PROBLEM 7.53 



12 MPa 


7.53 Solve Prob. 7.30, using Mohr’s circle and assuming that the weld forms an angle 
of 60° with the horizontal 

7.30 For the state of plane stress shown, determine (a) the value of r„ for whieh the 
in-plane shearing stress parallel to the weld is zero, (b) the corresponding principal 
stresses. 

SOLUTION 


Locate poT* t C 


at S' = ~ 


- 134-2 . 


* 7 M Pa. 


XC B * i2o 

2*2, 

MPa 


R T £ sec Qo* 

t \C> M Pc, 


- — -i> 60 “ 

= - 8.6G 


7MP* 


■IX HPc k 


SLc. + R 

*7^!Ot 17 MP«l 

S*g ~ “ (5 

r 7-/0 - - 3 MfV. 



PROBLEM 7.54 


7.54 throagh 7.57 Determine the principal planes and the principal stresses for the 
state of plane stress resulting from the superposition of the two states of stress shown. 



s4 reuses 

6T* - 35 3o - CS \AVc, 

6; * 35 4 /o * HPft 

Zj ~~ o -*• n.sz - 17.3a tfPa. 



R * 


6L* 


SOLUTION 


MoW's ciVeJt 

S* - + 'Xo c*>s 

=• 3o HP4 

^ r cos ^O* 

~ 10 MP«. 

^ Si* Co* 

“ \7.32 MPa. 


■Fo/^ slmt s,l^4t 



6^ t - + - ^(6ff35)= £o MP« 

4 yi7.37 ^ . jc-ijy 

1 * ‘ 6; -4 €S -Z£ 

Z&r HI. II* IW.C* - 


5 m * + R • ^*.<=*1 MPa . 

Km* - £ - 21 m 0°i Mpft. 









PROBLEM 7.56 


7.54 thnmgfe 7.57 Determine the principal planes and the principal stresses for die 
state of plane stress resulting from the superposition of the two states of stress shown. 

So SOLUTION 


Mok/s ci*cie s+«-+e 

i Y ^ , 

6}- *61 * i&o cos 2e 

% = i5>-46Uo*2e L \ 



- 4 <s; &*•»£© 

ResuMw)' s4resse^ 

(51 = (51 4 61 c*>« i ^1 c °s £<=> 

5^ - O + i 61 - i 61 cos 2© ~ ^60-^ 6 0 cos ^ 

r o ■» i 61 s<‘« ZB r 5 "' ^3 

61uc " T S> 


X M . _«2S_ -_£*!!*•_ 

t4 * ^ - g> - &, ' s; 4 s; cos 2© 

= -^n^-g = +*„ e 

1 + cos 2© 

Op = *0 

R- tj' - 

= J(iS.* i6.cos.Ze>)\(iS.^ *©V- 


I 4- 2 Cos 2^ + Cot + 5«*n 2© 
1 + Cos 20 - SI | cos d I 

R - 6^+61 cos6> 


. Co6 6 


R * 61 - SI COS © 




PROBLEM 7.57 


1 


T o 


jpr\ 


m 



7.54 through 7.57 Determine the principal planes and the principal stresses for the 
state of plane stress resulting from the superposition of the two states of stress shown. 

SOLUTION 

Mohr's circle '^> r s4^"f e. o4 stress 

CT/ = O 

% - r a / \v 


<s; = - r a s ;« ^=-ft 

Sj - x* sit 6.0° * 

t,j - 005 - iZ 

Reso Marti stresses 



+ dzT 






PROBLEM 7.58 


7J9 For the state of stress shown, determine the range of values of fffor which the 
nonnai stress a, is equal to or less than 100 MPa. 



60 MPa 



SOLUTION 


S'* - 9o MPa § - o 
- - Co MPa 

61/e 5 i(§t*6^ r 9S MPa. 


r ) (rtfO 



R * -/(^O 1 7 v" 

7^/5 N feo*- r 75 MPa 

2e p r -53.13° 
e*. = - 5*65 • 

6 ^/ ^ /oo MPa Po/^ stages of ffrets 
Cor-r-espoAc/irvA fo Afc HE K of 
Moke's cif'cJrt, Fm* ike c t+cJ* 

R cos Z(p * LOO — 9S - SS MPa 






CAS 2# 

*» 

s?l& 

•i 

0,73332 

2cp - 

H2.% 33' 

<3> - 21 . 

HI7 * 



©« - 


y - - 

2C.5cS m + 

ZL9l7° 

* - s. 

IS ° 

ze* - 

?©w 

+ 3&o*- 

9<p = - 

- lo. *n° 

+ 360* - 

8S.666** 2C«f.033° 

©K - 

13 a.' 

02 ° 






|‘*S« i>C 


of © 

i* ©► 

, * e * 

0k 




-S'. 15° 

^ 9 * 

132.02° 

— 



A-Pso 

n*-8S° 

* 0 * 

3/2-01° 




PROBLEM 7.59 


90 MPa 



7.5* For the stale of stress shown, determine the range of values of tffcr which the 
normal stress a, is equal to or less than 50 MPa. 


SOLUTION 

- 90 MPa y <% - O 
Tvy * - 6o MPa 


60 MPa 




~ i (CTx ■+ Gy ^ r 4^f A^Pa. 

' -/lS‘* G? r TStfp*. 




C*Xr^ _ jt 

~’ 3 


3$ r - - 53. \9>° 

^ -36.5* S’* 

Sx# ^ -50 MPa. ■Po/' s*fa,-fes erf s4^«.SS 
Corv^spo*«Pyv* *K* +'k« ec*c M (3^ op 
Moli* 2» c. tVc/e. . -Wv*. ci 

R Cos 3gp *= vS’O - 4r * 5* MPa 

C©3 2cf> - -£= ■= O. OCCGC7 


2?- ^6.177° <p * 43 .089° 

0 H ~ 9* + <^ - - Z6.Stf° + 43. O*** r 16.534 


2&* - 29* + 3*o* - 4<p * 32.5Z4 P + 3*o* - 17 3.355* ? 3*0.149° 

9k * |io.o*5° 

Pe^** ‘‘as i* bPt. r<lrt 3 e S »‘s © H ^ ^ 0* 


I6.SZ*° $ <9 ^ IIO.OSS* 
aJ»© 196,524*^ O & 190. 0S$* 




PROBLEM 7.60 


7.60 For the state of stress shown, determine the range of values of 0for which the 
magnitude of the shearing stress z; y is equal to or less than 8 ksL 



SOLUTION 


s; - usi\ ^ - o 

- c ks, 


6U. - £ Os; * 6^ ) * -s 

r - yc^r t ^ 

- 7^8)^+7gV- = lO ksi 

Z$p r — r (2~)(£j - - 0.-75* 

T * f <5*-<% -U 
^.O p - - 36. 870 ° 

0 b . =• - /S. H3S° 


Y&j.\ ^ 2 &Wf«* of s-Wtss 

cow s e&0o*e < l«n ^ i<* etv'cs 

U A V_ c*P MoUp-'s c if'cfc. Th* 

CjP is c.^co $ 4* W)< 


)«*<n 


R s*v> * g 


in* 3cp - - 0.2 


) 1 

S2.l3o~ 

<p ~ ^6.565° 

>K - 


<P - 

- /S.^3S d - 26.565° - - -V5 

fct - 

a t * 

<P s 

- IS. *135 + ZC.StS* v 2.13 

c 

u 

e H 4 

90° =■ 

45° 

3* - 

0K + 

90° “ 

^2. 13° 


Pe 


S3 


<u« 






oP 0 


0m - © ~ 

45* • * £ * 8. 13° 

6>tj < 6> ~ ©v 

HS° * 6 > 


Aiso 


£ e ^ I3S.I3‘ 


2*5*^ 0 < ^73. /3‘ 



PROBLEM 7.61 


7.61 For the element shown, determine the range of values of ^ for which the 
maximum tensile stress is equal to or less than 60 MPa. 


120 MPa 



SOLUTION 

6 y- -20 M Pa. = - I 20 MPft 

-7oM 9c, 

Sel r QO MPa. - 6U + R 


■R. = - 130 MPa. 


Ba+ n - 

Iztjl = 1 *Vl30‘- &>* r w° ^ 

R a « 3 f of %*, -no MPa « l*o MPa. 


7.62 For the element shown, determine die range of values of for which the 
maximum in plane shearing stress is equal to or less than ISO MPa. 

SOLUTION 

= - 20 MPa. <5 * - no MPa. 
a ($. * Sji ) - So M Pa. 

Se* R - 15-0 MPa 

84 R - V(5k jSt)*- + 

l-r^h /IF - V 150 1 - 50*- = (HI. 4 MPa. 

f?*« 3 e of fc, - IHI.M MPa. r 3 « 111. 4 MP<x — 


PROBLEM 7.62 



20 MPa 



PROBLEM 7.63 


i. r ^ 




— 

T xy 

1 pip 

P|M , 

1 I" 


ryppr 


7.63 For the state of stress shown it is known that the normal and shearing stresses are 
directed as shown and that a x ~ 14 ksi, a y = 9 ksi, and - 5 ksi. Determine (<i) die 
orientation of the principal planes, (6) the principal stress , (c) the maximum in- 
plane shearing stress. 

SOLUTION 

S* - W Usi ' j S'j r <? C&x+Sj V M-5" fc&j 

*“ -- ~ ^ft***. “ 

= II. 5- ^ r G.S Us» 


* V 


r*3 - i-/ f? * - - ±-/ C.S* - ^.5*- - * g k„ 
Bof i4 is ^ i ve* “Hi #4 ^ fs po ^ 4 Us s 46 

rj,o»o 


U 6 * 

r 



(a) ? r ^ 

- r 2.H 

29 ? * £7.32° 

3*.^ 33. cr 
Of 123. 

(b') 4 

=• 13 ksi 

(c'i 

=* 6.5” ksi 



PROBLEM 7.64 



7.64 The Mohr circle shown corresponds to the state of stress given in Fig. xxa and b, 
page yyy. Noting that a* - OC + (ex') cos (2 d p 20) and that r xy - = (CXJ sin (20 p 
- 20), derive the expressions for a x and given in Eqs. (7-S> and (7.6), respectively. 
[Hint: Use sin (A + B) - sin A cos B + cos A sin B 
and cos (A + B) = cos A cos B + sin A sin B .] 


SOLUTION 


OC = ex' - CX 

CX c.os 'Z r CX cos ~ * ^ ^ 

CX # Sr* r CX StVi =* 

, = oc + ex' cos 

=• oc + CX* ( cos ^^>cos-$=> 4 s«v» 'Z&p 
- OC * CX cos c.osZfi 4 CX s.r*n ZQp 

=• + Sg-Jat cos 3© 4 r w s/Vi 2 © 


- ex' s.v, (aa p "^') r £X' ( S.in 2& f Cos 2© - Cos Ity si«Ze>} 

J 

- CX si‘*» cos ZG - CXcos s»v> 2.© 

=• r a CoS 2.® - Sin 2© 




PROBLEM 7.65 


SOLUTION 



2 

7.65 (ar) Prove that the expression <^ a y - - » where o x , o y . , and r xy are 

components of stress along the rectangular axes x ’ and y‘ , is independent of the 
orientation of these axes. Also, show that the given expression represents the square of 
the tangent drawn from the origin of the coordinates to Mohr’s circle. (A) Using the 
invariance property established in part n, express the shearing stress in terms of ^ 
Oy , and the principal stresses and o^ 


Ccl) Mold's CiVcAr 

7^/y/ - R 'XQft 

C** f CoS 

Gy ' 61* ” f? cos 






yAe 

4 'Mc 


- 61 * - R 2 

- 61/ - R* * ir\Aef>enJe»t of £^. 

itae OK ■fVowi 

+b FUe c>W-#e *A K- OCK 

is O- 

oc 2 = ok" tk a 

ok 2 = oc' - oT 

- 6U V - R l 

- *■ 7«'y 


(Stia^s/e fo 



< - 

<sie b - 

rj - • 


61 r 61 ** 

, Si 

- r.; » 

61 ^ 61 *. 



61 *. 



J -f* 6L61, 


/f' - 


± n / 6* 6* - 61~ 61.. 


i-yj -*• -y v-'x Vy ^ **>«*» 

T/ie 3/4*1 canr^of fce Jcfe^wv/ r»e e/ -Rino «,!>«./& t ovjs . 



PROBLEM 7.66 



7.66 Far the state of plane stress shown, determine the maximum shearing stress 
when (a) = 20 MPa, (b) a, = 140 MPa. {Hint. Consider both in-plane and out-of- 

plane shearing stresses.) 

SOLUTION 


Ca') S'* •= IHO MPa , 6^ * 20 MPa 


Y« - SO MPa 


140 MPa 


,rj cmpo 


x (^if 6^ ) 

- 80 MPc 


* . Y(^)* + ** 

- £,& 1 4 = Joo MP* 

6*. = 61^ + 'R - 80+100 - iSo MPa ( 
e;r s;~ -e * so - ioo - - so mpc (-•«> 

61 -- o 

-> ’ j(61- 61)= 100 MPa 

ioo — 

) 6 X * 140 MPa , 6 /4o MPa 

ft* - 80 MPa 

61*. * »(61 + 6p - Ho MPa 

R ■ ■!<&&)' ~ 

- -jo +. go'- * So MPa 
SI - 61. + R ' 220 MPa 6^) 

6„ * 61. - R ' So MPa. 

6^ r o C^'iw'^ 

T a (61- 6;) =■ go MPa 
TL, ’ KSL.-S1.V no MPa — i 



CmP^ 





PROBLEM 7.67 
?! 



80 MPa 
^ 140 MPa 


7.67 For the state of plane stress shown, determine the maximum shearing stress 
when (a) a y =* 40 MPa, (b) a, = 120 MPa. (Hint: Consider both in-plane and out-of- 
piane shearing stresses.) 

SOLUTION 

(Q-) <S*r mo MP«. 40 Mpft SO MPa 

= 90 MPa 

- 750 % go 4 8 J O _S£ | A J?_ 

r 44.3 14 MPa 1 \ I CM **‘ 


61- 61* + 1? * I24.S4 MPa. 

6 ^ Kwe - “R - ' 4-34 MPa. 

61 = O 

- iOsi-O* R * * 4.34 mp* 

-£U - 4(6^-S-.lr i(S.-Ql = r#.34MPa • 

00 6; - 140 HP* , 6} - 150 MPa , 'K.J - So MPa 

<su * i ($;+ ) =■ 130 MPa Ck " >0 

R r {i^FT^T / 

= -J 10 *-+ SO* = 20.62 MPa / 

S fc --<SL« + 'R ? 210.62 MPa f 

6r b -<5U-R' 44.38 M Pa V 

s;- 0 I*,,*'* \ 

SI.* * 61 = ZIO.62 MPa 
61 . - 61 5 ® 

-R* *^2 MPa 

1 0$. 31 MPa — 




PROBLEM 7.68 

y\ 



7.68 For the state of plane stress shown, determine the maximum shearing stress 
when (a) a^-6 ksi and Oy- 18 ksi, (d) 14 ksi and <7 y = 2 ksi. (Hint: Consider both 

in-plane and out-of-plane shearing stresses.) 


SOLUTION 
(a.) 6i “ 6 fcsi 


6,= 18 Jc*/ 


?*, = 8 k=»; 


61 - 61* + ft - 13. + lo 
6b - <5U - ft = \7- to 

61 3 o 

~ ft ~ I C> *s«' 

Tl**. r -i (§i~* - 61 .H ) r n k** 



(W) 6T* - M & - Z krs/ ^ - 8 k*i 





PROBLEM 7.69 



7.69 For die state of plane stress shown, determine the m ax im u m shearing stress 
when (a) a x “ 0 and a y ~ 1 2 ksi, (i) a, * 21 ksi and a y « 9 ksi. (Hint. Consider both 
in-plane and out-of-plane shearing stresses.) 

SOLUTION 

(cl) 6* ~ ^ j “ 8 ksi 

. . \ n (Us ,■> 

- £ ks.' > yt\. 

R- J&g’Y+'CJ f / \ 




‘ --/(-6^+S l 

= ID ; 

61“ 61* + R r l£k<,c 

6b = - R r 0*'«O 

6. = o 

6^ - 14 k».‘ 6~,„ * - 4 ks/ 

tl* * ) r 16 ks ‘ ^ 

(tt $i» il ksi 9 k*« r^j-Sks, 

61* =• »5 Usv- 


R - - 

y cS ^)‘ 

♦ ?V 



- 

•/(-6) 1 + 

IF - 

\o 

ksi 

s*' 

<S_ + R 

= 25 

Ars *• 

(**1*%') 

<51 • 

6U - R 

- S 

kst 


61 -- 

o 



(»•!« ^ 

ff— 

- 25 k* 

i 

> 

61,;, 

V * 0 

-ZL. 

- i (<w- 

■ 61;„ ) 

r 

/2.5 U*i 



A 6 - 

Cksi'i 


) (jew 



A 6~ 


PROBLEM 7.70 


7.70 and 7.71 For the stale of stress shown, determine the maximum shearing stress 
when {a) a x = 0, (6) o, = +45 MPa, (c) a z - -45 MPa. 



IIS MPa J SVm * -25 MP,, -r^ * i -- £5 MPa. 


(W) <5, * + 45 MPa_, 6^ - IHS MP« 6^-SS-Mfa 

6^- 145 MPa. , 6U * -25MPa, - i (6„, - S.V. 'I = 85 M Pa. 

(c) 6, = -4s MPa 5 6^ 145 MPa , S h = -85 MPa 

- 145 MPa J SU-»« -V5MP* 2L» * SU-V 95 MPa 



PROBLEM 7.71 



7.70 and 7.71 For the state of stress shown, determine the maximum shearing stress 
when (a) a z - 0, (b) q s = +45 MPa, (c) a, = -45 MPa. 

SOLUTION 

<5* ? IS O MPa , <5^ - 70 MPa ^ - 7S MV*. 






150 MPa 


r IIO MPa 


R * 7^)%^ / 


= JWo 1 . 7S* 


- gS MPa 


o (e. 


A 6_ 

(HP*1 


61 r 61* +R' l«S MPa s \ V/ 

er h * - f? » ^ MPa N ^T'rr'^ 

o s,» o , 6^- m hp*. , 6" k = ns MPa 

6L.. 145 MPa J S-'O, r_^(6_-6L,'> » °n.S MPa 

,) 6, = 1-45 MPa 61 -- IIS MPa & h ? ZS MPa 

61..-- ns MPa, 6L-„* « MPa, £«,’ i (SL.- SlO = 3? MPa 

^ 6, r-^SMP^ 6^- 145 MPaj 61 * ^5 MPa 

145 MPa j 61.., - - 45 MPa. J 4 fe*. * l?o MPa 




PROBLEM 7.72 


7.72 and 7. 73 For the state of stress shown, determine the maximum shearing stress 
when {a) a t ~ +4 ksi, (6) o x = -4 ksi, (c) a z = 0. 

SOLUTION 

G y =■ 7 i ^ Z k%i 3 --G kit' 


r) (k 4 ,- 


|||||^*\7 ksi 


W'" 



A £ 

Cto 



V + c-cv 

1 - 



+ R - 

1) ksi* 

6- t - 

* 61vt. 

- R - - 

a k%; 

X') 

S 2 = 

4 k±; J 

6> W 


<W 

- 1/ Us/, 

■ ~ 

b) 

it 

- *1 Us t j 

II 



- 1/ 

£*>» - 

C) 

it 

0 1/ ks. 



6.S ksf 

> i 

* - 61.*, = 

7.5 /<*» 

a (61** - 6^,0 r 

G.S k^i 






PROBLEM 7.73 


7.72 and 7 . 73 For the state of stress shown, determine the maximum shearing stress 
when (a) cr x *= +4 ksi, (b) o x = -4 ksi, (c) a x = 0. 


SOLUTION 







PROBLEM 7.74 


7.74 For the state of stress shown, determine two values of a y for which the maximum 
shearing stress is 75 MPa. 



Co . sc \ 


“tL * » R = 


SOLUTION 

= -7o mP<x, -Tij- 4o HPo. 

o - % * -an + <$r„ 

6k* = K6* + G/) = 6* + o 

11- y us r./ 0 = v' 

75- MP* , u « ± / 7 S’- - 40 s - - i 63.44 MPa. 


(\ol) i U = + 63.44 MPa 6"j - Pu 4 S'/ * 54.88 MPa. 

6k« - + - 6.-S6 MPa 

6k - 6k«+R - £8.44 MPa } 6k = 61* - R - - 81. MPa 

6^ = 0 <SU« - 48.44 MPa (S'-.--, » - 8/..£'6MPa IT-., *7P MPa. 

(lb) U- - 63.44 MPa 6^ 1 24 + 6; - - /46.88 MPa (xtjc4) 

6k« = - - 133.44 MPa. 6k - 6k. + R = -58.44 MPa 

6k- Sk.-R = -2oS.44MPa. ; S*. = O } 6k- - O 

SkM ' -2o8.'-W MPa , tk-- *(Sk-- C-a ) - I Q4.22 Mp^ k 75 MPa 

Case (21 Asso-e S -•O j tL» = i OR-*- Sk-.'l * 75 Mpa 


Skc - - ISO MPa. = C b 

6k * 6^ - K * 6> o - -/ u ' + V 

_/u z 4- 7^ = -6k + o - 6 b 

y + r,' - (6 x -6 e )*+ 2(6x-s;)iJ +^ 

2U ^ & -(g,-6J z (Ho)*- (-7o 4 /5a’) 1 - 

6, -6k -7°+>so 


-ISO MPa 


0 = -3oMP«. G^ - +<T* - - l3o 

R - tIuN = 50 MPa 

Co. r 6k + ZR. - -ISO 4/00 e -5P MPa a< 


-«K 



cu 



PROBLEM 7.76 


7.76 For the state of stress shown, determine the value of for which the maximum 

shearing stress is 80 MPa. 


SOLUTION 


70 MPa 

1 20 MPa. % * 7 o MPa 

Cw- £(6X5^ = 95 MPa 

5 2.TMPa 

Assume 6 *^* o - /GO MPa 

- 6^ * 61*. + 'R P - - l6o - ^5* * GS" MPa 

(£j£Y-+ x, 1, 2Cj ^ it- (%^r * es’-xs 1 - ^ 

^ ± Go <Cs,' 



r b - * I Go - ISO * 3o MPa > o 

I CmP^o ___ 






PROBLEM 7.77 ^.77 For the state of stress shown, determine the value of for which the maximum 

shearing stress is (a) 9 ksi, ( b ) 12 ksi. 


SOLUTION 



For . 

Ce+ler of Moke's ci'reJt Aes &A pai’vt'h C . R r 12 ksi 

= ±-)R' - O ' 1 - ± n.ZH ks! — 

CUck.», 6^- /e.s + /a = ^2.5- ks. 6i= /e.5-12 * - I.? la! 
6L = o 

/2 fa; 


< 3 ,*: 




PROBLEM 7.78 


7.78 For the state of stress shown, determine two values of a y for which the m axi mum 
shearing stress is 80 MPa. 



SOLUTION 


61 - 10 MPc 


6k - O 




90 MPa 


60 MPa 


Mokr-'s ci rcJt i* 2 X-fJct**. 

6U • + O * 4<r MP* 

R, r J + 57 - /¥5 f + 60* - 75 MP<*, 


61 = 61 « + tf * U.O HP-u, 6 k = 6 U-*' -So 

A . - _ ; ^ />-\ O ^ i C M 


Assume S M( ** 61 = /20 MP« 

^ ' 61'rt " 6iw*x “ 

= 120 - - - 40 MPa 

Assume 61,\» - 61 - - 30 MP«^ 

* 61 mc = 61* + 2 21~* 

- - 3 o *C*Xa) » ! 3 o HPa 


Y, ( /s o c y 


?-2o 


ft cr 

(up*,") 


7'--*o 



PROBLEM 7.79 


7.79 For the state of stress shown, determine the range of values of for which the 
maximum shearing stress is equal to or less than 60 MPa. 




SOLUTION 

6f x = GO MPa 7 = 0 } Sj - 100 MPa 

Mold's civ^cie of s-fv^es ses 

6w r + Si') r 30 MPa 

u - - G »~ 5* - 30 


A*so*>e - 6^ - I bo MPa 


6»v,r^ ~ Lw\~» 

= \00 - (2^46^ r - Zo Ufa 

R - 6U - 61 

* 30 - (-*o) * SO MPa 

S*. = * P 

- Sot^ - 80 MPa < <SV 


0^. 



- ±V 5°*’ - So 4 - ± MPa 


X ^ ( MPaA 



-Mo MPa « 2^.^ MO MPa 




PROBLEM 7.80 


*7.80 For the state of stress of Prob. 6.66, determine (a) the value of <$, for which the 
maximum shearing stress is as small as possible, (6) the corresponding value of the 
shearing stress. 


SOLUTION 

Let a - 


1 


Sj - (5* - 2u 


80 MPa 


140 MPa 


<-<%,') = s; - u 
R * V U 1 + -Kj 2 - 


J 61 * 61*-+ R ' (S;-u + -/u 1 - + T,/ 

61= - (S,-o - /oS V 

Tke*% / K***(Wj/t**'l is Kv'n*'*v»oi^ if U - ^ 


6> -- 6, -2o =• 6; * IHO HP* 


6U » £*- u * 140 HPa. 


f? = IU,\ a go HP a. 


6^ * + R - \4P + go » WO MR* 

6* b * r 60 

6L« « 2^(7 M fW. , 6 ^; h * a, 2L* » K6L,.- Co. ) * /'<> 

As^UKa^jflOKt f* . i^eorv^.i^’. 

Assume R Go. - 6L/& * R ■“■ - U + V U r + ^yy U 

CL,^ * o ~ i (6L~* - 6"~.^ ^ c 

<J6L . . - I i. - - g o ^>70 ^<Vv ^ 

1H7 - 1 + Vu'TiiJ 


* O 


0 p *f » o tVfc/^ue "Pdf' l). r ' occurs wk©v\ 

j 4r(C*.+ R^ - f? civ 1 Sft, 5 R ok' 6“ w - a - ^7 

* i . 

(<B** - u *■ SV* —< 3o 


y 6/ - ?V _ uo»- go* 


^.3 MPa Or 47. 1H hpA 


S„ - » |40 - 44.3 - 45.7 MPa 

R= iiTTv - r^K - Mftti — 



PROBLEM 7.81 



7.81 The state of plane stress shown occurs in a machine component made of a steel 
with a, - 45 ksi. Using the maximum-distortion-energy criterion, determine whether 
yield occurs when (a) = 9 ksi, ( b ) = 18 ksi, (c) = 20 ksi. If yield does not 
occur, determine the corresponding factor of safety. 

SOLUTION 

S'* - 36 ks.‘ 6j = 21 ^ 6i = O 

FoiA t'n Xj-pJa**. Get Ji. ~ iOr.tlTj V- 28.5" k»; 

r 7. S' k»,‘ 

■R r )*■ » -ty- = Vc7.S) 1 ♦ «y = i i.i is k»; 


6k- 6.„+R- S0.2/S" ksi 6; - SI- -ft - IS.875" Wi 



V O - «i' - 

6k6 k ' 

- 31. 377 fc*; 

1i> ks>« (Mo ^ 



F. S. r 

VS 

51,377 

r 1.2*7 


- 

(bi 

f, 3 - is ks; 

R - 

7(^77^ 

1 -/(7.5)S(/«1 V - 1 

3.5 


6k r 5,4R 

-- 48 k s ; } 6; 

r <51^ - 'P = 3 fcs. 



V 6k L + s; 1 - 

616; 

“ - 11. /9S **«' 

< 4S - /ft,- 

1 ' e^#/ w ^ ) 


F.S. r 

13.113 

-• 1.012 


- 

(C^i 

•ft, - ?o k„' 

R 

-7c ^)‘*v 

- -/c7.r) l 4 »=•)’■ = 



S*. - 6J. v R 

- 13. 

36 ^ 6* b " 

6".„. - R =• 7-/4 k&< 



V ^ + Sfe 1 - - <TjSl r 46.732. k».’ > 4Sks; 






PROBLEM 7.82 



7.81 The state of plane stress shown occurs in a machine component made of a steel 
with Of - 45 ksL Using the maximum-distortion-energy criterion, determine whether 
yield occurs when {a) T xy = 9 ksi, ( b ) ^ = 18 ksi, (c) ^, = 20 ksi. If yield does not 
occur, determine the corresponding factor of safety. 

7.82 Solve Prob. 7.81, using the maximum-shearing-stress criterion. 

SOLUTION 

6* - 34 k&i ^ r Zi Usi & - O 

F©^ stresses « *•* Xy- pJanz. 61 t - -^(^ + 6^) r 38.5 Us-' 
^ ^ =* 7.5 Us«* 


(a - ) Tlj “ 9 /csi R - ' II. 7/ S’ Us/ 

61 T 6il« + *R T Vl©*£)5 Us* j 6b ~ 6a v«. — 'R 

61.* - 34. 977 Us / , 61.* = O 

- 61*- 6w« = yo.ZlS ier>: < 45 Us. 


FS. 


4<r 

4©.*/5 


I. 119 


14.275 kv 


(Uo y ; eiU.'o^ 



) 


(fe) - IS ks< f? * + •Ey r - IS.S **/' 

d ' 61*4 K r 48 Us» ^ 61 r 6 .* - R - 7 Us.- 

61** * 42 Us«* 61.* - o 

~ 61** - 61..* - 48 Us/ > 95 Us/ cjcc^/S ^ 

(O') £j - 20 *.,• R *• V( s ^) l+ V =■ <“■' 

’ 6;^ + R » ‘i°i. sc k%; <5, - 6Lc - R * 7. /w k»/ 

6i»<6 "* 


49.86 Us; 
61** 61. 


61.-. - o 

49.84 Uv > 45 fa 


Cy.viW«H^ <? 


cc^s 



7.83 The state of plane stress shown occurs in a machine component made of a steel 
PROBLEM 7.83 with o^=325 MPa. Using the maximum-shearing-stress criterion, determine whether 

yield occurs when (a) a 0 * 200 MPa, (A) a 0 = 240 MPa, (c) a Q = 280 MPa. If yield 
. does not occur, determine the corresponding factor of safety. 



R - )’* - IOO MPa 


S 0 - Zoo 

MPa, 

6^ 

* - 200 M Pa. 





+ R - 

-lOOMP* 61 * 


R • 

- 3oo MPa. 

6^ - C 

I 

» 

6 —• * s ■ 

• 3<PO MPa. 




- 

61**- 

<5~.v> - 

3oo MPa « 

325 MPa 

C Mo / eAitV/t^ ^ 

F. 

S. r 

l^s: r 

3©o 

1. 033 



- 

(So - XVo 

MPa j 

61^. 

r - 2*0 MPa 




6^ 6*^ + R = 

* - Wo 

MPa (S fc 

• <su - 

= 

-3*0 M Pa. 

€T^ = O j 

6*~.*n * 

-3Yo M Pa- 





<w 

SI..--* “ 

s'/ o MPa > 

3-?S MPa 

CYi‘c^J«V>6j occ u/s ^ 

6; =■ ZSo 

MPa, 

61* 

* -ZSo MPa. 





~ + "R 

r - ISO 1 

MPa , (S b 

, - 6L. 

-R* 

- 3 SC> MPa. 



= 

-3 SO MPa 




•= 



3 SO MPa ' 

> 3X5 

MPa. 

(Yi «ccw/s ) 



PROBLEM 7.84 


100 MPa 


7.83 The state of plane stress shown occurs in a machine component made of a steel 
with Of ~ 325 MPa Using the maximum-shearing-stress criterion, determine whether 
yield occurs when (a) a 0 — 200 MPa (b) — 240 MPa (e) — 280 MPa If yield 

does not occur, determine the corresponding factor of safety. 


7.94 Solve Prob. 7.83, using the maximum-distortion-energy criterion. 


SOLUTION 


- G© R - -y + - I OO VI 


(a .1 G„ = 200 MPa. 


= - 200 MPa. 


61 r + "R - - 100 MPa. 


6 h * 6U - f? « -300 MPa. 


6^ -t ^ - <S1 6; ^ MPa < 3 XS MPa. C Wo y ie-fi-vj 

F-S. ' ' >-« a - 


(bl < 5 . - 2HO MPa 


* -290 MPa 


SL ' £*+« = - Wo MPa , 6i* 6L.-R * - 3¥o MPa 

V C * 6k." - C<S b ■= 2V. *7 MPa < 325- MPa (No yieM'^) 


F.S. ■ 

(cl 6_ - 280 MPa 


32 r 

2<t5'.<n 


/. 098 


6^. - - 280 MPa 


61. - 6 . 0 . + R = - (80 MPa , 61 -- 6 .* - 1? ' - 380 MPa 

V Q 1 + c h x - 6* (Tj, - 329.29 MPa > 325" MPa (VCeJat'nj occt-«) 



PROBLEM 7.85 



7.85 The 38-nun-diametcr shaft AB is made of a grade of steel for which the yield 
strength is oj.=250MPa. Using the maximum-shearing-stress criterion, determine the 
magnitude of the torque T for which yield occurs when P = 240 kN. 

SOLUTION 

P r 2^0*10* 

A - = £'(S8') i - 1.1341 M34/v/o s *, J 

g. " f~ » UiHIrtO-* r SUl.CtoV* r XII.4 MPa 


= ° 


S* - i(gv + gj1 ■ is 


- ^ _ A 

>V " 2. 


- 2\\. 6 4 


r - + v - {tsFTzY 

- 2R - v 6? + 4 r,' - e Y 

4 Y, 3 ■= - i-/lsP r ^ziL& Z 
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PROBLEM 7.86 



7.85 The 3 8- ram-diameter shaft AB is made of a grade of steel for which the yield 

strengths <3^=250 MPa. Using the maximum-shearing-stress criterion, determine the 

magnitude of the torque T for which yield occurs when P = 240 icN. 

7.86 Solve Prob. 7.85, using the maximum-distortion-energy criterion. 

SOLUTION 


A s - f ($$)*' r US4lv/o'^ v - |.13 mid 


-3 V 


- 


2 Wo k/O* 

~ ' ^4I » lo -» y '° 4 P*- " *1' 6 MPa. 


% - 

o 

r + ) = * §x 



R - 

-A&i 

- - 

/W* € 9 * 



<S. < 


+ R * 4 s; 4 




61- 


- R - is* - 




6 * + 6 ", 

' - 

-- i<5T/ + 






■4 ^ 6 - * 1 - 

V + 


+ 'Q- 



- 46;" ♦ 

iC + 





= S'/ 

3 ^ = 6 V* 



-- 

3 fS'r 

1 - s-/ ) 





^ j ISO*- - * 0.6 x 

- 7S.SC7MPa. = 

76. 

8C7*/O c ‘P^ 


r - ^ 
H 3 - 

T* = 

' c 

L 



lc" - 

zoi„7i*/o s ^ - * o<f. 7 / 

» /o’ m" 

c - 


llvlo ' 1 *~» 




T r 

CZD‘t.ll*lO-‘ , )(76.S?6*lc e ) 

\q v [O'* ~ 

M- 




PROBLEM 7.87 


1X1 The 1. 5-in-diameter shaft AB is made of a grade of steel for which the yield 
strength is <7 r = 42 ksi.. Using the maximum-shearing-stress criterion, determine the 
magnitude of the torque T for which yield occurs when P-60 kips. 


SOLUTION 

P - CO k.'ps. A 5 - 1 .-7C. ~7 1 in*' 

^ * " A “ 1.1671 ~ ■ 33 -' !?53 k *' 

% - o ^ - ±(<s; + 6^) = ie: 

R =• jieS 4 r„; 

zr„^ r zr = J * 4-r./ - s, 

4^ = S'/- S’/ =■ i/fi-/ - S'/ = 3 / 42 ^ 33.4J5*- 



- 12. 3S/ ksi 


FlN>w* ow» 
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T~ - 


C 


C= jet - 0.7rm vj - fc V » 0.49701 

T - ,.H /op..* 



PROBLEM 7.88 



7.87 The 1.5-in-diameter shaft AB is made of a grade of steel for which the yield 
strength is a, - 42 ksi.. Using the maximum-shearing-stress criterion, determine the 
magnitude of the torque T for which yield occurs when P - 60 kips. 

7.88 Solve Prob. 7.87, using the maximum-distortion-energy criterion. 

SOLUTION 

P r kips A * - "*£ (l-S ) l » I.7C7 l in* 1 

er “ x -T T -£k, " * 33 .‘ts-s fc»; 

-- O 6L. -- i &*<%)* is, 
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PROBLEM 7.89 


150 MPa 


100 MPa 


7.89 aad 7.90 The state of plane stress shown is expected to occur in a cast-iron 
machine base. Knowing that for the grade of cast iron used 0 ^= 160 MPa and c^c “ 
320 MPa and using Mohr’s criterion, determine whether rupture of the component will 


SOLUTION 
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PROBLEM 7.90 


7.89 aad 7.90 The state of plane stress shown is expected to occur in a cast-iron 
machine base. Knowing that for the grade of cast iron used 160 MPa and a^- 

320 MPa and using Mohr’s criterion, determine whether rupture of the component will 
50 MPa occur. 



SOLUTION 
6** = 70 


~ so mp*. 3 npe, 
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PROBLEM 7.91 


7.91 and 7.92 The state of plane stress shown is expected to occur in an aluminum 
casting. Knowing that for the aluminum alloy used *r OT = 10 ksi and ~ 30 ksi and 
using Mohr’s criterion, determine whether rupture of die component will occur. 


SOLUTION 


S’* r - S kil'j 6j - O - 7 ksi 

R * = -/ h *+ V - S.otz ki; 


6^- + R - - S + 8.042 » 4.042 Wr 

Cy, • CL. - R = - **- 8.04.2 *-l2.04 2h,- 

Etjuo/l'l'oi, o’? 4 fJi erf bocmjpiry 
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C Mo i ruptoirt. ) 
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PROBLEM 7.92 


7.91 and 7.92 The state of plane stress shown is expected to occur in an aluminum 
casting. Knowing that for the aluminum alloy used a^- 10 ksi and 0 ^ = 30 ksi and 
using Mohr’s criterion, determine whether rupture of the component will occur. 



6*, r <5,** 4 “R = 


SOLUTION 

GT# = 2 ksi f 6^ * -/S' ^ ks. 

6Le r - 6.S ’ ks.- 

R r 9 1 r 13. 37^ ks.' 

^.§7^ ksr 


St ~ - R b -J8.3 ksi 





PROBLEM 7.93 of an aluminum alloy for which = 75 MPa and o^c “150 MPa. Using Mohr’s 

criterion, determine the shearing stress ^ for which failure should be expected. 


SOLUTION 

6 X - - So MPa Gj - o 2C, * - 21 

- * ( 6 , + 6 ^ Mp«. 

R - + = -f 40 1 - +" r?" mp< 3 {. 
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PROBLEM 7.94 


7.94 The state of plane stress shown will occur in an aluminum casting that is made 
of an alloy for which Ofo — 10 ksi and ~ 25 ksi. Using Mohr’s criterion, determine 
die shearing stress ^ for which failure should be expected. 

SOLUTION 
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PROBLEM 7.95 


7.95 The cast-aluminum rod shown is made of an alloy fix which = 8 ksi and 
= 16 ksi. Using Mohr’s criterion, determine the magnitude of the torcjue T for which 
rapture should be expected. 



SOLUTION 
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PROBLEM 7.96 


7.96 The cast-aluminum rod shown is made of an alloy for which <%r-=70 MPa and 
Ofjc = 175 MPa. Knowing that the magnitude T of the applied torques is slowly 
increased and using Mohr’s criterion, determine the shearing stress ? 0 which should be 


increased and using Mohr’s criterion, 
expected at rupture. 



SOLUTION 
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PROBLEM 7.97 


7.97 A machine component is made of a grade of cast iron for whioh ^ - 8 .. , 

F = 20 1 ^ or of ^ states of planf^L sS^uslgt^ 

determine the normal n a* _ . . . . monr s cn tenon. 



SOLUTION 


(.*-■> s; j (s; -- ^61 

S+r«ss po.^t >P»es Js-f 

6^ = <S d - Saj - 8 ksi —ft 



PROBLEM 7.98 
SOLUTION 


stress “ a baskctbaJI of 9.5-in. diameter and 0.125-in. 
wail thickness that is inflated to a gage pressure of 9 psi. 


r - ^ d - t - o.as - * hms 

' 2 at (2)Co.i?s) ■ l66 *^ P s ' 



PROBLEM 7.99 


7.99 A spherical gas container made of steel has an 18- ft diameter and a wall 

thickness of "§ in. Knowing that the internal pressure is 60 psi, determine the 
maximum normal stress and the maximum shearing stress in the container. 


SOLUTION 


d > lU •f't’ w ZI& •• 


f -= i ol - t - 10 7. in. 


c- <cr - £X (&>)(IQ7.6*S) _ 

2t. (Z-Xo.^is ) 

r r L *- 31 **•' 


S6JO = S.CI ksi 


PROBLEM 7.100 


SOLUTION 


7.100 The maximum gage pressure is known to be 8 MPa in a spherical steel 
pressure vessel having a 250- mm diameter and a 6-mm wall thickness. Knowing that' 
the ultimate stress in the steel used is <% = 400 MPa, determine the factor of safety 
with respect to tensile failure. 


O.II7 


p = 8 MPa. ~ 8 » I Q c "Pa. t - & ~ G>*lo v^> 

r = i J - t s - & - ti7 ^ - o.ii7 w, 

g T £■ ^ ££ - (g*lS 4 )(°- n< ^ - 77.33 */o L Po. - 77.33 MP* 

* 2t (atffe v ID'*-) 

PS- — - g °° - s.o 1 * 

6; 79.33 


PROBLEM 7.101 


SOLUTION 


p r 3.S MP<x , 


S' * = 

r. 


e- r ££ 

at 


7.101 A spherical pressure vessel of 900-mm outside diameter is to be fabricated 
from a steel having an ultimate stress <% - 400 MPa. Knowing that a factor of safety 
of 4 is desired and that the gage pressure can reach 3.5 MPa, determine the smallest 
wail thickness that should be used. 


r * -£o! - t ~ (-*)(7oo) - t * *iSo - t 

^ - loo MPa. 


+ = -EX- , IF?, r.jj - 7.87b - 0.0176' t 
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PROBLEM 7.102 


SOLUTION 


7.102 A spherical gas container having a diameter of 5 m and a wall thickness of 24 
mm is made of a steel for which E - 200 GPa and v = 0.29. Knowing that the 
pressure in the container is increased from zero to 1.8 MPa, determine (a) the 
maximum normal stress in the container, ( b ) the increase in the diameter of the 
container. 
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PROBLEM 7.103 


7.103 A spherical pressure vessel is 3 m in diameter and has a wall thickness of 12 
mm. Knowing that for the steel used o m = 80 MPa, E = 200 GPa ami v ~ 0.29, 
determine (a) the allowable gage pressure, ( b ) the corresponding increase in the 
diameter of the vessel. 


SOLUTION 


r - £J \ (SoooV 12 * IH8S 

6) - 6^ = 6^ “ £ M P 6. 
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PROBLEM 7.104 



16 ra 


7. 104 When filled to capacity, the unpressurized storage tank show n contains water 
to a height of I&S** above its base. Knowing that the lower portion of the tank has 
a wall thickness of 16 mm, determine the maximum normal stress and die maximum 
shearing stress in the tank. (Density of water *» 1000 kg/m • ) 

SOLUTION 

? = /° 3 ^ = 00OoK*J.8l)(/5.S) “ 152.06 x/o* ?*. 

r- - t - -3(3'!- \6*lo % - S.9%H ^ 

5* 3 r ^ ^ - 37 9jt/o‘ f(t 

• t *lo-a 


= 37. MPa. 


-- is;* l*.W MPa. 



PROBLEM 7.105 

SOLUTION 


7.105 Determine the largest internal pressure that can be applied to a cylindrical 

tank of 5.5-ft diameter and "f - in. wall thickness ifthe ultimate normal stress ofthe 
steel used is 65 ksi and a factor of safety of 5.0 is desired. 


s; -- 

F.s. 

65 

' So 

- /3 

ks. 

c# « •S.S'ft r 
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t -- 

i(66 ) 

- 0.625" - 
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g,t _ 

(13)^.625) 
32. 37 S' 
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7.106 The storage tank shown contains liquified propane under a pressure of 2 10 psi 
PROBLEM 7.106 at a temperature of 100° F. Knowing that the tank has a diameter of 12.6 in. and a wall 

thickness of0.ll in, determine the maximum normal stress and the maximum shearing 
stress in the tank. 



PROBLEM 7.107 

SOLUTION 


7.107 The bulk storage tank shown in Fig. 7.49 has an outer diameter of 3.3 m and 
a wall thickness of 1 8 mm. At a time when the internal pressure of the tank is 1 .5 MPa, 
determine the maximum normal stress and the maximum shearing stress in the tank. 


& - 3.3 , t t )8*/o- s 


id - t =■ 1.63* Wi 


p = is m ?c, is; =■ 


Q.S>/o fe )0.6?Q 


136 Wo‘P«. 


136 MPo. -* 


68 MPa. 



PROBLEM 7.108 



7.108 A 36-in.-diameter penstock has a 0.5-in wall thickness and connects a reservoir 
at A with a generating station at B. Knowing that die specific weight of water is 62.4 
ib/ft 3 , determine the maximum normal stress and die maximum shearing stress in the 
penstock under static conditions. 


SOLUTION 

r - ^ - t * £(30) -0.5 - 


. £ in. 




p = Y'lo - &/tt z )(£oo $\)t 3/.2*/oVt/ff x 

= 2.16. &7 ps. 

6“ - ar 7SS2> pti 

' t 0 S , 7.58 k Sl - - 
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PROBLEM 7.109 
A 



7.109 A 36-in.-diameter steel penstock connects a reservoir at A with a generating 
station at B. Knowing that the specific weight of water is 62.4 Ib/ft 3 and that the 
allowable normal stress in the steel is 12.5 ksi, determine the smallest wall thickness 
that can be used for the penstock. 

SOLUTION 

P = TP> = MM*)(SOO -p+v 3 1 . 2 H O* Ji /f + v 

r ZU.G7 

<5; = 12.5 ■= l?.5 *lo' h f >s>' 
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» i r P ' 
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t 

ss.rn. 
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PROBLEM 7.110 



7.1 10 The cylindrical portion of the compressed air tank shown is fabricated of 6-nun- 
thick plate welded aloogahelix fomingan angle p = 30° with the horizontal. Knowing 
that the allowable stress normal to the weld is 75 MPa, determine the largest gage 
pressure that can be used in the tank. 


SOLUTION 

r = id- t 


a ( 5oo}- £ = *'''>*'* 





PROBLEM 7.111 


7.1 1 1 The cylindrical portion of the compressed air tank shown is fabricated of 6-mm- 
thick plate welded along a helix forming an angle p - 30° with the horizontal. 
Determine the gage pressurct hat will cause a shearing stress parallel to the weld of 30 


500 mm, 


MPa. 



SOLUTION 


r * ^ d - t = i C soo) - (, * 
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PROBLEM 7.112 




PROBLEM 7.113 



7.112 The pressure tank shown has a g - -in. wall thickness and butt-welded seams 
forming an angle p = 20° with a transverse plane. For a gage pressure of 85 psi, 
determine (a) the normal stress perpendicular to the weld, ( b ) the shearing stress parallel 
to the weld. 

SOLUTION 

i ) = sH = 6o «'i. r = £<A-t*3o-$* 24.625 ; n . 
er , ee . £ 7 /s 

°i t 0.37S r 

s; * 2 s; - 3357. 5" /5-w 

J S 6^’ = soi&.K p»r 

1 R - — / 673.75 P»; 

— 4 to.') Si = 61.. - Pcos 40“ - 3750 ps 7 — 

(t>1 -21. ’ 5? sm4o” = loift psl — 


7.113 The pressure tank shown has a g -in. wall thickness and butt-welded seams 
forming an angle P with a transverse plane. Determine the range of values of p that can 
be used if the shearing stress parallel to the weld is not to exceed 1350 psi when the 
gage pressure is 85 psi. 

SOLUTION 

ot * 5 ft - <M \« t-- ij-t = So- § « ■77.C75 iw. 


ff - £g. £7.5 


0-Z7S 
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XC. S j 

& * £ 3.2” 1 ^3.2°^ A < IK.*’ 
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£3. 2° =5 /S *5 f« *‘ 






PROBLEM 7.114 





7.114 The pressure tank shown has a j -in. wall thickness and butt-welded seams 

forming an angle P = 25° with a transverse plane. Determine the largest allowable 
gage pressure, knowing that the allowable normal stress perpendicular to the weld 
is 18 ksi and the allowable shearing stress parallel to the weld is 10 ksi. 

SOLUTION 
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PROBLEM 7.115 


n 


u 

u 


n 


R 


D 



7.115 The pipe shown was fabricated by welding strips of plate along a helix 
forming an angle P with a transverse plane. Determine the largest value of p that can 
be used if the normal stress perpendicular to the weld is not to be larger than 85 
percent of the maximum stress in the pipe. 


SOLUTION 


"•= ? 



ft 

* a + S', 'i r 4 ¥ 
R - » i ¥ 

6" w = - -R c* 


- (f - 4- — > ¥ 
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2/3 ? - H (o .iS- » - 0.4 
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PROBLEM 7.116 



7 116 The pipe shown has a diameter of 600 mm and was febricated by welding strips 
oflO-mm-thick plate along a helix forming an angle p - 25° with a transverse plane. 
Knowing that the ultimate normal stress perpendicular to the weld is 450 MPa and that 
a factor of safety of 6.0 is desired, determine the largest allowable gage pressure that can 
be used. 


SOLUTION 
Xs ~ | O 
G r & 



^ r - t * ZOO -lo * &0 

(S' = St 
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R . | f 
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r Jjj; r = 75 MPa. 


FIS 6 

0.7IO7 ^ T 7<r 

p r . 0 1^*1 ^ 2 oa MPa 

F (0.^107^(2*70^ nrcL 



PROBLEM 7.117 


j*» — 12 ft — *j "*■ 


7.117 Square plates, each of 0.5-in. thickness, can be bent and welded together in 
either of the two ways shown to form the cylindrical portion of a compressed-air 
tank. Knowing that the allowable normal stress perpendicular to the weld is 12 ksi, 
determine the largest allowable gage pressure in each case. 



SOLUTION 
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PROBLEM 7.118 



7.118 A torque of magnitude T = 12 kN • m is applied to the end of a tank 
containing compressed air under a pressure of 8 MPa. Knowing that the tank has 
a 180-mm inside diameter and a 12-mm wall thickness, determine the maximum 
normal stress and the maximum shearing stress in the tank. 


SOLUTION 
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go MPa 


6w ’ i(6' x+ S J ')-- MP* 

R - )' +"77 -- ss.simP* 

Cv = S^+R’ C8. €4 MPa 
G b - 6L* - R « xi.36 MRt 

e; * o 

= €>8.6t MPa. —» 


SL:* ■» 



- 4 (6L*- 6LO = 34.32 MP* 



PROBLEM 7.119 


. 7.119 The tank shown has a 180-mm inside diameter and a 12-ram wail 
thickness. Knowing that the tank contains compressed air under a pressure of 8 
MPa, determine the magnitude T of the applied torque for which the maximum 
normal stress in the tank is 75 MPa. 



SOLUTION 


'C- 5 J - 

S t - ?£ -- « 60 MP*. 

6L. * i (6", HS MPa. 


t • la 


6 Z = ^=30 MPa. 


S’... = IS- MPa 

R - ) l + v 

t'.j - y*? 1 - /s’- =• -v 

-- Z5.18*lo‘- po. 


P = - -3o MP= 


/s 1 + -rij 1 


A°* - is 


ZS.1V MPa 


1 O .*1 »*i ^ O 4 IZ T IPX 

J« ? C,'*') = £b. c l(,%*lO L „„ i - GQ.ItS jr /O' 4, 

L** r~ > ~ * r »«*«... 


!°2*|o* 


*= 17.06 



PROBLEM 7.120 


7.120 A pressure vessel of 2SO-nun inside diameter and 6-mm wall thickness is 
fabricated from a 1.2-m section of spirally welded pipe .42? and is with two rigid 
end plates. The gage pressure inside the vessel is 2 MPa and 45-kN centric axial 
forces P and P' are applied to the end plates.. Determine (a) the normal stress 
perpendicular to the weld, (b) the shearing stress parallel to the weld. 



SOLUTION 


f - 5 J : 12S ww 


t =■ 6: 


r+t= ns+c - / s / 


e t - ^ z iH. G7 MPa 

S' ~ “ .feX <as ) r 70 S3 MPcc 

' 2t <21(0 nr 

I ^ A = r x V - i.$2 s»to z 


g - A T r - 3 * 4 » |P ‘ - -7 -^chp. 

ToW s4*w*s : S', - -- MP« 


C»>cui»*4e/‘e^ W 6, * V/.67 MPa. 


O (mP«0 


2C.585* MPa 

R : IS. Oi I 


O x 


7cf \c 


11.5^4 


H1.C7 


|y y (a') Gy r <>«** 4 R Cos 79° 
fCMto . - 15.0*1 co S 7o # 

- 21**1 MPa 

(k>) - R s«'^7o" - l5.og| sh* 7o 

r H. 17 MPa. 



PROBLEM 7.121 



7.120 A pressure vessel of 250-mm inside diameter and 6-mm wall thickness is 
fabricated from a 1.2-m section of spirally welded pipe AB and is with two rigid 
end plates. The gage pressure inside the vessel is 2 MPa and 45-kN centric axial 
forces P and P' are applied to the end plates.. Determine (a) the normal stress 
perpendicular to the weld, (b) the shearing stress parallel to the weld. 

7.121 Solve Prob. 7.120, assuming that the magnitude P of the two forces is 
increased to 120 kN. 


SOLUTION 


V s - i d - 135 


t s 


^ . H . . m.C7 M Pc er t » gN ^.833 vp*. 

f : t -- 125 1- & * IS) A 5 fr(^- r')-- 4.8 4.3 2S"-/o" 3 * 


S' - - 


1 20*10* 
*i82SViO 


* - 24.870 v/G 4 P«, =• - 24.87© MP*. 


To+oi s4 ress es * U„ 3 ;+*-U«i S', « Pa 833 - **87o - - ^-037 MP* 


4. <*7 



6U’ /8.8I5 

R - I r 22.852. MP4 


22.852. MP4 


( Q - v ) 6/ " 6^ - # *«* 7o ~ 

- 1%. Sts'- 22.852 c*s 7 o° 

- 11.00 MPa. 

(b) * f? s.*7c/ -- 32. 85.2 s.n V 

- 31.5 MPou 


41. *7 


PROBLEM 7.122 


7.122 The cylindrical tank AB has an 8-in. inside diameter and a 0.32-i 
thickness. Knowing that the pressure inside the tank is 600 psi, detenu 
maximum normal stress and the maximum shearing stress at point K. 


Tors to * * Mo ic<=( 

10in • Po^i K oki neo'hr&J axi s. 

z 7 P/‘s« 5 Vieo./- C V r 7 s For 5 eMi'ct>cA 

a - ? r* 

GL* Q.- Q, * fr.’-fr,’ -- f 0 . 32 J - 4 5 ) * i/.ogi ;„ J 

t * (2)(0.32> r 0.64 ■* 

I - ^ (n H - r/) - | ( 4 . 32 . 1 - 7?. m" 

y . va . ^ z , s k=; 


| 7.50 k*i 

2.1s k*; 

Jk U 3.75 k*: 


r.> («<.■> 


4o J 6y ~ -G>j r 3.75 ks* 

CircJ^e/'CKiffrt^ = “ -7.50 U«>c‘ 


77, = 2./5 u%; 


6U * let.- 





x ;Z?ST 3 " ki-‘ 

6*. ? » S.4S fc*. 

- F - 2.7 7 l<s / 

62 . = o 

6*.** “ £.H8 ksi 


Tl,* iCS-.-S*.!* taifa.- 



PROBLEM 7.123 


7.122 The cylindrical tank AB has an 8-in. inside diameter and a 0.32-in. wall 
thickness. Knowing that the pressure inside the tank is 600 psi, determine the 
maximum normal stress and the maximum shearing stress at point K. 

7.123 Solve Prob. 7.122, assuming that the 9-kip force applied at point D is 
directed vertically downward . 


SOLUTION 


= x = H ' ,n 




ft, - A + £ = 4.32 ;« 


“ ISO® psi - 7. So ks i 






it, 3.75 ks: 

j - fir.'-rS) = i*h.<»6 -, n * 
T - (^Xio') - ?o k.‘p- 
^ _ Tc _ (?oX4. 33-) _ „ „ 


C - •f'o ~ 




= *.<sg k*r 


Bend t - H ” 4 vT" 7 "7%. 425 y C = K© 5 4. 32 i»i 

M * (9)05 ) ■* \3S kip* m. 6U - X s * = ^ 

T+a«S\/ef-*>e sheet* • A+ poi^f K 3 VQ/£t ~ & 


cr _ Me . _ 
o»*, - T ~ 


12. H% 


- 8.0-5 \<si 


So^ h-tat'y of presses 


7.5"ofc*< 


ZUk*; 

— u.*ok%; 



Uon^i fvdi *\e>^ ~ ^ 7 3.75+ &.Of> ~ W. SO Us« 

- X. 68 k’si’ 

6U - 4 ( */. 80 ♦ 7.6V) = <?. ^ ksi 

ft *(*.")' ' 3.W b; 

S'.-- 6U+R' !3.o<? k*,- 

-6 6r fc * - R - G.3.1 k»( 

S', = O 

S'.,.* ■= 13. OT ks,- — 

6*-;, - © 

*C. -- i V 6.5-/ ks; - 


--) — b i- -+ 




PROBLEM 7.124 


160 mm 

\ 



STEEL 
t a = 4 mm 
Ej - 210 GPa 

a, - 12 x io-Vc 

BRASS 
' t b 4 mm 
E b “ 105 GPa 

- 20 x urVc 


7.124 A brass ring of 160-mm outside diameter fits exactly inside a steel ring of 
160-mm inside diameter when the temperature of both rings is 5° C. Knowing that 
the temperature of the rings is then raised to 55° C, determine (a) the tensile stress 
in the steel ring, (6) the corresponding pressure exerted by the brass ring on the 
steel ring. 

SOLUTION 


\.e+ p be He f pressure be 4 u/e£»o 

tbe y^V^s. Subscript S risers I® Hie sieeJ 
Sjts b refers f® He b^ASS 

... K ^ 


Internal pi*essor<. £ s 

. §£ _ ££ 

Corr-g-s 1 strain Cs,f ^ ' £f 4 £* 

+o +e*Mpe^tc»^ cU/i^« ^sr " °^s Al 

To+&i £s - Al 

fc»Ls 

’ 6L,. »r & ■ ' 

pr 

g^tfuSS r'mj : py^ssu*^ = £ b 

Corresponding S"hr*tWS j ^ br ~ ^ 

CU^ 3<2 in of etV**#*fe*e*c-e 

AU - 27 nr<ff b =• ^ 77 r (-f^ + °^ Ar ) 

AL S +o Ait 4 AT" *- + o^ b Ar 

(Xj c. 


Ar = is°c 

P r "2 ^ : 20 


Fro^ e^. (O j 


SO * lo’ 


T® IV-. {?<J. 


U»o*lo*XH*fo’*) (iOSvio'XH* 
22 $. II *{ 6 lt P - 4 oo*lo“* 
c _ (f.«f*{O c )teo»<Q‘*) 

•* “ 4x|Q-» 




= 1 .4 Wo 


2S»lO & ?<K 


5, - Z&.o MP«L 


p - l.^oo MP«=c 



PROBLEM 7.125 


30 mm 



STEEL 
t s *■ 4 mm 
£, - 210 GPa 
a, - 12 X 10-VC 

BRASS 
“ 4 mm 
- 105 GPa 
a b » 20 X l(rVc 


7.124 A brass ring of 160-nun outside diameter fits exactly inside a steel ring of 
1 60-mm inside diameter when the temperature of both rings is 5 0 C. Knowing that 
the temperature of the rings is then raised to 55° C, determine (a) the tensile stress 
in the steel ring, (6) the corresponding pressure exerted by the brass ring on the 
steel ring. 

7.125 Solve Prob. 7.124, assuming that the thickness of the brass ring is t b - 6 
mm. 


SOLUTION 

Le+ p be fKc ccm f AC f pressure be4 
■Hte Subscript S re-Pevs +o He sfeeJf 

. Subscript b refers to tbe br^ss 


SfeeJ? press ok 65 - 

Correspond S t V-o . i n £s p = ~ &lEx 

S+rAm cJoe to "f €*MperA.tuv^. c^vt^e £sr ~ AT 
To+Ai sW* £« * |r~r +• 0^ AT 

Cbanje m 3 U of £i>cum-f«^ence 

AL* - 27TK'£* = Al ) 

. py^ 

B^SS £Vt€r-n pressure p^ 6" b = “ 


(0 


Corr p« 

5*W«4 I W 

^ :stv s *u' ns 

ft* 

Clift-nge 

of ciV^i^feireACS 

AU 

= 2rrre k - 

(• ti 

u> * v\ 

AL S 

•fo Aij, 

R.** 

( Est s 

JL 

Efct b 

) p = (<** 

- o l,) AT 


AT 


’ " Wty T * ' 

0*0 

Pafa: iAT - &S a C - - So m C ty = G •"« a 

V'e ifll - #0 mm 

«y. ft) { W iS?^^FT, + (loif/o'Xc.il-)] P 5 (S * ‘ ^ ^ 

212.22 x/cT 1 * p = Hoo^tcT* 1.8 WO* P*. 

F*.~ et 6) Si r EL , ( 1-8 >to«)(»o . » . /p D = scw/£,‘ P« 

1 t s H *\o'* 

- 36.0 MPa. 

p - /. 800 MPa 



PROBLEM 7.126 


7.126 through 7.129 For the given state of plane strain, use the methods of Sea 7. 10 
to determine the state of strain associated with axes x ' and y ' rotated through the 
given angle 0. 



iLi 

Id 





E*=-7ZOm> s O a Y*y ^4300^, O - -3o° 

SOLUTION 

■ £* + = -360 M ^ 2 ^- ~ 

£*. - ^L± 4 g «^£r - cos Ze + s»v, ZB 

= -[-34.0 - 340 co S ('-So**) +■ s»V»(-6o°)} M ' - 670 /a. 

£, rr _ g x- g j CoS Z& ~ \ S.n *© 

r |-36o- C-360) c^s C-4o“) - 1|2 s.Vi(-CcT)J ^ r -So A 

Yiy - -(£* - fj)Sm 2© + 4© 

(-7*0 -<>)*»** (-6o°)+ 300 CftsC-^o*^ ^ 


PROBLEM 7.127 


7.126 through 7.129 For the given state of plane strain, use the methods of Sec. 7.10 
to determine the state of strain associated with axes x ' and y ' rotated through the 
given angle Q. 


£ x = o e- - +3 ZOyu Xj - -loo M 

SOLUTION 


£* •+ Fw 

a. J 

r 160// 

£*- 

2. 

it 

= -16° A 



£x‘ r 

f*- 4 g >- 
2 

+ 

£y - 

Z 

cos 

zo •» 

■ % si " 

,2a 


=■ 

{ 16^ 

- 

16o ccc 

60° 

/oo 

2. 

si* 60°] 

M 

-i 

' 4 36.1a 

.1 

£* + £* 

- 

£ x - £ v 
Z 

Cos 

7© - 

YVy < . 

f SM 



r 

f >.6 0 

4 

1 60 cos 

6©' 

. }oo 
2 

Sim 6c> 


^ +Z33 M 

"fry r 

- (e„- 


•S/*" 2® 

4 Co $ 

«?© 




-(o - 32o) Sin Co° - loo cosCo^jj a +271 yU 


e« 


30 - 



PROBLEM 7.128 


SOLUTION 


7.126 ttutmgh 7.129 For the given -state of plane strain, use the methods of Sec. 7.10 
to determine the state of strain associated with axes x and y ' rotated through the 
given angle A 

£* = -2oo m . j ejX+VSO^ r.j * 0--2S* 


*X-tSx r « }lS /4 y - c*S> 

£*• r ~ ’ ~ X g , Y + 4 ^ *,v.*d 


£ -ITS" - GXS co*(-5£>0 + s.n(-5bO}^ =r _ 


£53 






r J - ITT 4 &*S- cos f-roO - 5 i* (-SO^ 


^ = + 3o3 // 


"Yy^' r *“ C6y- fy ) Si* Z& + Y yy CoS 2b 

- {“ (-*oo- ^o'jsioC-so 0 ) 4 - 


- W ju 


PROBLEM 7.129 


SOLUTION 


7.126 through 7.129 For the given state of plane strain, use the methods of Sec. 7.10 
to determine the state of strain associated with axes x' and y' rotated through the 
given angle A 

£ k --Soo /Mj y^j- o, 3 = i S° 


r< \ e - y -- - USm = - 37 S M 

tf -- coi *© f. ^ 5m 29 

- {- 125 - 375 cos So“ + oj /< 

£y = - ?x t . & £»- £j ces zb - 2|i s.v.2e 

- { - 125 i 375 cs 3 o" - o ^ x 




4 200 // 


V^'yi " “ Cfy- Sj) Sin 2& 4 7U d©S -2.0 


- f - (-^oo - ?5o) s/o Zo* + O^M - + 37iT ^ 


15 v’fc.ss r » n : cxTemM ^ 





PROBLEM 7.130 


7.130 through 7.133 For the given stale of plane strain, use Mohr’s circle to determine 
the state of strain associated with axes x ' and y ' rotated through the angle 0. 


SOLUTION 


£*=--72^ Ej* O, +ZOO/A, e = -3o° 



£ Cm) 



Pjto' pot'A - } S 

y : (-720^ - ISO 

Y : ( 

C • ( - 340 / A J O) 

+«" 01 r u * 

R - -J(3co m Y-> (is-o/tT^ =390^ 

0 r oL * 6o*»22.CJ* ■? 37.32° 

Ewe - £ cos fi - - 3 Go/a - c*^ 37. 3&° 

- 67o 


Ej' - ^ 4 £ os ^ - -36o /< 4 3^0^/cos 37.38° 
- 50 /< 

Ik st«p -- -3?6>/< S<* 37.38* 

* r ^' - “ ^74/* 


PROBLEM 7.131 


7. 130 through 7.133 For the given state of plane strain, use Mohr’s circle to determine 
the state of strain associated with axes x ' and y ' rotated through the angle 0 


£ y - O 


SOLUTION 

in#} 


Ej r + 3ZO m 


Y^r-IOO/4 0* 30 l 



E i*} 


Pik+fe*! pools 
X • ( o } so 
Y ■ ( 3 2o/t J - SO } 

C ( lio/i 3 o ) 

i a „0L.-J^- oi* I7.$S° 

160 

R - IGl.GZ/i 

/3 - 2& - oi - Go*- 17.55° * W.C5** 


£*. r - R Cws /S * “ 147.£3// Cos MIX'S* 

■= - 36.7 ^ 

£V 140/^4 167.63 /< COMICS' 

= 2$2> /a 


~lk r R 5m/i * J6?.63/* SinH7.CS 9 

Y, y= *2?/* 



PROBLEM 7.132 


SOLUTION 



7. 130 through 7.133 For the given state of plane strain, use Mohr’s circle to determine 
the state of strain associated with axes x ' and y ' rotated through the angle d 

£* =■ - Ej = HSO/a 0 r -*6'° 

(&") p« 44 j • 4« 

1 JoTizei 

y* ( - 800 i - jOO/< > 

Y : ( + 4 SO > 4 I OO// ") 

\ C : (- 175 // j o') 


8 0-0 


o i ~ Lis' 

+(/oo^y- “ 63 M.5> 

Z9 - oL - sfo’-T.o?* r 4o.T/ e 


3V « £** - f^cos/S - -I7S> ~ G32.is> cos W?/ 
r - £53 


£y - £*** + Rcos/S - — 1 75” 
~ + 303 /r 


■%■'= -Rs.n/5- -«?.■?£> Sm 40.1/ 




PROBLEM 7.133 

SOLUTION 


frO'i 



7.130 throagh 7.133 For the given state of plane strain, use Mohr’s circle to determine 
the state of strain associated with axes x " and y " rotated through the angle 0 

Eyr-^OO/I, £j--1Z50M> Vyy = D ; © = AS ° 

P/Jo fled p©»vV* 

X* (-Soo / / ) o') 

Y : (+ j o) 

C-* (- o ) 

£(/<) 


375 — *1 1*5 
~50e> J 


~ 

37-5 >r 


- Rcoi 

— 

*iSOM 

£«** 

4 R cos 


2oo M 

R 

Si* 


37-5’ 5« 4 ** 3o" 


YVy •- 21 S A 





PROBLEM 7.135 


SOLUTION 


1 f 

loo p- 




7.134 through 7.137 The following state of strain has been measured on the surface 
of a thin plate. Knowing that the surface of the plate is unstressed, determine (a) the 
direction and magnitude of the principal strains, ( b ) the maximum in-plane shearing 

strain, (c) the maximum shearing strain. (Use v = *3 ) 

£* - - 2dOyU £j - - CO /A Yq - +420^ 

MoW's c»vde o'? pA>f 

X ; (- Zgom > - Mom) 

Y : ( ~ M } ZHo 
C : (- 160 /^ o ) 


fc £ (A) r — at- 

r £*-£, -36C+4 o 


26 f ^ - 47.38' 


* - 33. 67' 
SC. 31° 


R * 1 (loo^Y + { 2 H 0a , Y 
R = ZCo A 


'33. 67- 
^b 


(a> £* = £^4 R - -14o>4 ZQo m - loo ^ 

£ b * £*» - R - - ? -***/« 


(b'i "kYlo*, lin T t+»*.) r ^ 




- 2R =• 6'£o 


-n 


1 - V 


(e. 4 e fc l * - 71V < £ « ♦ e P : ' ut ^ 


£° ^ 


- i CO >< 


£«« =• - no M 


to r. 




I60 ja. 4 42o ^ - ^30 /<. 



PROBLEM 7.136 


7.134 through 7.137 The following state of strain has been measured on the surface 





PROBLEM 7.137 


7.134 through 7.137 The following state of strain has been measured on the surface 
of a thin plate. Knowing that the surface of the plate is unstressed, determine (a) the 
direction and magnitude of the principal strains, (6) the maximum in-plane shearing 

strain, (c) the maximum shearing strain. (Use v = "3 ) 

Syt - -300/4 % r - Zoo /u ' + 17 S /4 


SOLUTION 




£ 0*1 



Pjofjtc i 

X: ( - 3oo /x > - 27. £> ) 
y ; (- Zoo /a 5 -L87 .Sm ) 
C (- ZSO/t a o') 

to. =-^r- I / 


£..= £«„. + "R - - *S°M- -* 1 oo.Z/a 


Z&f - - &>. k 
e k * -30.13* 
e«. - si.v 7* 

•R - y'cio^PTTir^T 1 

— loo. 8 

r /< 



£ t » - R *■ -2S»/< - loO.Z/U - - 3*5*1 /< 

z 4- 250 


- 250/4 


- -SSI /A 


- 


25&/< + ZS! /* - 601 



PROBLEM 7.140 


SOLUTION 

ir ( M ) 




PROBLEM 7.141 


SOLUTION 


*r(/0 






7.138 through 7.141 The for given state of plane strain, use Mohr’s circle to 
determine (a) the orientation and magnitude of the principal strains, (b) the mavimim. 
in-plane strain, (c) the maximum shearing strain. 

£*~ 44 00/4 - + XOO/A “ +375 /J 

poirtfs 

X: (+4oo M > - 127. 

Y‘ (+2o o// 3 + IS?.S> ) 

C : (+ 3oo>< 4 O 'i 

\ r _^L_ r r |.«75 

4 ZiM ) *©0-2o0 

y A * 6I.*3* 30.4^ e b = I3G.16* 

-/(1 00/0% (127. 5/t) 1 - ZIX.S/jl 

(cx) £«.= £.,i+R= 300^ + 712.5^ r SiZ.S'/i 

€**• - G * 3oo/f-aia.s> - S7.5> —i 

(b^ Yl-tc** -/>*—') - 2R r 425/t 

cc^ £ t = o e^-- sa.S/4 - o 

“ £•**«#.- £m4i’*i ~ Sl2. 5*>t 


7.138 through 7.141 The for given state of plane strain, use Mohr’s circle to 
determine (a) the orientation and magnitude of the principal strains, (A) the maximum 
in-plane strain, (c) the maximum shearing st rain, 

- + GO/* % * + 240/, =■ -50^ 

P; o tte^ pot A +s X-(GO Mi 

Y = ( 7 HO M) .^S M } C : (l So M> o ) 
Un =• 277778 

2& t ~ \5.Sr 0 b -- 1.1L° 9^97J7C m 

^ >% 

— £(m) £ - 4 US/tf * 93.4 /< 

^ (O.'l <% - £*.4 1? - \SOm 4 93.M'/4 - 243.4 /< 

£u - 6.ve - R * /56/,-93.4 /, + S&.&M *■» 

(W yL,(^. t =■ ZR - |«6.8^ — 

(c) £ c = O - m. 4 //. * o 

“ £... ~ £h»M " 743.4 -* 





7.142 Tlw strains dctennined by use ofthe rosette shown during thc test of a rocker 

arm are; 

e x = +600 ft e 2 - +450 fi =* -75 /i 

Determine (a) the in-plane principal strains, (A) the in-plane maximum shearing 
strain.. 


SOLUTION 

Q , = 3o“ 

0 2 -- l5o" 

1 0° 

£* coz* <9, + S/'ki Z 0, + Y'yj. Si* 0, CoS O, r £, 


0.75 £„ +• 0.25 + O.HV^oi Yy r £ooa 0) 

£ x +• S/7> 4 + Y*j 5m C®S = £ t 



0.75 £ y + 0.25% 

- 0. 433ol Y*y = 

45o/< 

(2) 



CoS*" Q % + sm l 0 S 

4 Yyvj S»/l 0, COJ - 





to -v % 

0 

-ism 

Cs) 


f 

^ C-0, (2^ 

y ~ 7 2.5 M } £y r 

-75 /* , A - 

1 73.2.1 

M 


- 

i (f„ + ) * 3X5 




R - 

V(^r-(%r 

,y («£+!£)' 4 

( l7 |' 2L ) 

z. _ 

407, 3 ,« 

(A> E*. - 

+ R *- 73^^ 





£b * 

£«,< -ft • - 2*. 3 

/< 



-* 

cv.) y^o., - 

Sl*/< 



— 



PROBLEM 7.142 




PROBLEM 7.143 


7.143 Determine the strain e, , knowing that the following strains have been 
determined by use of the rosette shown: 

e, = +720 x 10 + ia/in. e 2 = -180 x 10+ ia/ia 

e 3 =*+120 x 10+ia/ia 



SOLUTION 


9 , * - 1 5 ° 
0 a - 30° 

0 3 « 75' 


£* Ct>s * B, 4 Ey S'O 6, + 5f'» 0, Cw»5 - <5, 



0.9330 £* + O.OS694 ^ - 0.25 TV, - 

720 *io‘ 4 

(0 

^ COi 1 4 Si** 4 Sin Q t cos - 



0.75 £* + 0.25 4 0. 4330 = 

- 1 8o x/o~ 4 

C?) 

£* Co* 1 ©j + 5y S»^ ©3 + T 



O.OC&99£* 4 O.933o £j 4- 0.25 Yi^ “ 

120 y lo' c 

(3) 


S©/,^ (0^ 60^ An«sl simo/tavieoOAfy 

S Y - 3SO x/o" 4 = 4-60v/0 _i Jw/.w 5 "/ij - - I33<? vjo“ c <’*/•* 

~ 33 Ox )o 





PROBLEM 7.144 


4.5H1ML2 


7.144 The rosette shown has been used to determine the following strains at a 
point on the surface of a crane hook: 

<e,“+420 ft e*»=-45 u «v">+165/i 

(a) What should be the reading of gage 3? (A) Determine the principal strains and 
the maximum in-plane shearing strain. 

SOLUTION 



(CU Gages 1 4 90° Apaf-f ^ 

= £ (-9SM ♦ - GO/4 

Ga^es I 3 av'e Ap^s-t £*.**. = ^ (C, + €» ) 

£* = - £, “ - -3oo a 


tt)> £* * f, * 4?0 /t 


Ey ~ - ~ Soo /4 


Y*y - - e* * ttX- <«>,'>- 420^ + 


- - 2/0^ 

r « )' + Of ) 1 


HZOjj + Zoo 




= 37S> 

e K * + ft =• co a + 37S> * «&s> 

£b - 5... - f? * 6°* - 3 7SM * - 2IS/J 
i.».) * ' 75o /< 




PROBLEM 7.145 


7.145 Determine the largest In-plane normal strain, knowing that the following 
strains have been obtained by use of the rosette shown: 

e, - -50 x 10* io/in. <r 2 - +360 * 10^ inVln. 

«j*+3l5 x !fr*in7in 




SOLUTION 


©, * HS* Q * - VS* 9* - O 


£« do®* 

4 


4 

S/"#, Co j & i 

1 e, 


0-S e k 

4 

O. s5 fTy 4 

i 

O. 5 Tvy 

- - &o*/o~* 

0 ) 

£* <tos* 

4 

Sin 1 0 Z 

4 

C®sd t 

* 


0.5 £* 

4 

0.5 6j 

- 

0.5 Yi, 

- 3C O v ICT C 

(*■> 

€“h COA*dj 

4* 


4 

y^y S/o ©, Coi 6^ 

* *» 


£x 

+ 

o 

+ 

o 

= 315'x /o" 4 


FVom ( 50 


£» - 

x /o in/‘n. 




e+O) - £}(*) T XJ = -Soviet* - 360 x/ 0 -* r -4/o*/o~‘ in /in 

4 (o S* + £j - £, + £ t 

£, r e, + £■* - e* - -So* to* +3Go»iO~* - 3lS*to r - -S*/6 € m /.. 

i fe, t £j ) T /55 x/0 
o - e. \ v . /Vm\' - 


£* + E« ~ £, + 


R * + (^) l - V ft/0[ )%(M^-) 

- ^60 }* JO 

+ R » 'ilSolO -4 i«4n 

-U 1 777^- r - i-ws 
= - 5?. o * 


S r ' - 26. o* 



H 15*10' 



PROBLEM 7.146 


J-j^J^* *** of tl» three strein measurement. mate with a 60’ ---■ 

ismdepemltmoftheonentatianofthenaetteandaqualto roscn ' 

where e„, » the abadMaof tte ^rf&crereapcedtagMohr'a chrie fbratrein 
SOLUTION 



r 4 


z 


COS Z& 4 S M 


r 4 (2© + /2o°) + -^sr-s('£e4/4c> ,> ') 

<?a^« 4 (Cos I^O*coS^S> -^«‘a Ug*s;« 


*■ »5 < )<?o si'h ^ 


4 “j* (Co4 U0° SM ^0 +• SH /^0°CoS 2© } 

* ^ 4 -^Sc (-icos^© - 

4 ^ (~a Zo + 1 $ c»*ze) 

* £** + ^ ~ g ’ Y c<xs(^0 + 2^o*) -f s/* ( 2 © * ;tyo*) 

mm 

9 4 Ccos^o 0 ^**© - *,*„ ZVo's^Jq) 

4 ^ (coi 2y©*s.V. 2© 4 $.V> 2yo w Cos ^ a > ) 

4 ( - i Cos 4?© -f ^ s»^ ^©) 

4 ^ Z& - ^ Cos £©) 

0 )^ (a^fihAel C 31 

E x 4 *\ 4 * 36 ^ + o + o 

3 ftwt ~ ^ 4 4 £* 



PROBLEM 7.147 


7.147 Using a 45° rosette, the strains , e, , and 5 have been determined at a 
given point Using Mohr’s circle, show that the principal strains are 


l 




*max.mia = 2 + ^2 + 1 

(//brt: The shaded triangles are congruent) 

SOLUTION 

Si*c« ^“- 3 ^ JiVeejfiowvS I a-n*/ 3 *%*'•«. a~pa.+ T 

£<*«/« r i (£> + 

Lef o s - e**. - ) 

I?*’ U 4 + t/' 

« t(e,-e»)' + f.'" *«(*. * *. V 

«.’-_*« ** * H E »‘ 

+ e, 1 - f.f , - f 5 
t-ifE, 1 4 i 


* 4 e,*- e,£, * £•; - e t s 3 * -ie,* 

R * £ [ te.-0* * (e»- S.V 1 

e»« jW ,V » e«, *. R 3W5 fAe re,u,v.cj 


PROBLEM 7.148 


200 MPa 



7.148 The given state of plane stress is known to exist on the surface of a machine 
component Knowing that E — 200 GPa and G~T7 GPa, determine the direction 
and magnitude of the three principal strains (a) by determining the corresponding 
state of strain [use Eq. (2.43), page , and Eq. (2.38) page ] and then using 
Mohr’s circle for strain, (b) by using Mohr’s circle for stress to determine foe 
principal planes and principal stresses and then determining the corresponding 
strains. 


SOLUTION 


150 MPa 


(A.\ S'* * 0 , ~ f = - /S'O xiO & Pa 

E *■ koo xlo* 1 Pa 77*/° 9 Pa 


r - £ - 

& ~ HO**) 


v - - I r 0.W1 


lodo-awXaooyief-)] , 

E (5'r v5 «V - -\ooo M 


r.v * 


§• - - IS n«'lo* 

iXtiM.'t £«* - i, (£. 1 6 y ) = - x 


\ 26. -- ^ r 


* -i. 




'I 


X | (MPa') 



A 6* (MPa') 


Rr y ( ^^ + (%f = ini /* 

Za.-- # B 820 

£ t — R - — I 2 1 M* “* 

£ r 6 ; )-■ .(O-g^K 0 - 

c c £ v u ** / 200x10* 

r -XW/n 

6** - (S'* + S'* W loo MPa 

r - ,/FS7 - ti = J^iw 

= 180.28 MPa. 

S'. « 6^ + R * 80.3 HP* 

er w * (5U-R - -280.3 m p«. 


e.- *0 


2oox 


— -f S o>lo‘-f£i.W')(-««“-S*»‘)] 

fo'L 


* %ZO*lO 


26** -£*6.3° 

- - ?8. I5T* 



PROBLEM 7.149 


7.149 The following state of strain has been determined on the surface of a cast- 
iron machine element: 

e x =*-720 x 10* inJin. e 2 ~ -400 * 10* ul/iil 

y=+66G x 10* rad 

Knowing that E «* 10 x 10 6 psi and G = 4 x 10 6 psi, detennine the principal planes 
and the principal stresses (a) by determining the corresponding state of plane stress 
[use Eq. 2.36, page Eq. 2.43; page t ; and the first two equations of Prob. 2.75, 
page ww] and then using Mohr’s circle for stress, ( b ) by using Mohr's circle fix- 
strain to detennine the orientation and magnitude of die principal strains and then 
determining the corresponding stresses. 


SOLUTION 


B „ ISx/P* 

" I - 0.7S‘*‘ 


W- 1 r e&t ' ' ^ 


\0.6C.7*IO < ’ f>%; 


NoVe ■h^o.'V 4Kc 

6- c - o 


(<0 S’, - 


S t !OXC?«/O c [-720*10* + (o.15)Hoox|o“^ 

1 “ “ - *746.7 ft i 

\0.a,7*td‘\-‘H>o*t6?' * (o.HsX-7tt> »/©**')'] 

~ — G / S 6 w 7 

*£ - GY = (^ioM(5^x/o‘ c ) * psi 

<W £(<5>^ = -7151.7^' 

2 * I*' ^-2.069* 

Y \ 2© k r - ci. r 0 6 - - 32.r ©*-- S7. «» 

■ ' V' ! SCfsO her - cr. •> i ^T 1 - 


psi 


ir (io-o 


K - V + T * r 

6L - + P - - HS"33 f%i 


Sy,-- S... - R - - loHoo fs, 

(b) £... * ife + 0* -«o*/o'‘ 



-GH. I" & k =-32.l‘ 57.r 

R = r 36£.7^v/o‘‘ 

£^= + R s - 193. ?6 */o‘* 

f b * &,* -R ■ -m.7v*/o-‘ 

6^ 7^r(^ + V(? *> r - 4533 f*' 

6L = 7~ r*^ + ve ^ = - ,0 ^ & 





PROBLEM 7.151 



7.150 A single strain gage forming an angle (5= 30° with the vertical is used to 
determine the gage pressure in the cylindrical steel tank shown. The cylindrical wall 

of the tank is J" in. thick, has a 36-in. inside diameter, and is made of a steel with 
£** 29 * 10* psi and v* 0J0. Determine the pressure in the tank corresponding to 
a gage reading of 220 x 10** in jin. 

7.151 Solve Prob. 7.150 , assuming that the gage forms an angle p= 60° with the 
vertical. 

SOLUTION 


S*hre«es* 

S iVs • 




6; = ^ = ° 
^-(6*.-v«5V f(f -vfP 
°- &s It 

-- E ] 

9 (* “^0 = O.lO f ~ 

*7 1 ¥ * ° 

^ = iCe, f 1 •’ 0 - £ '* s ' f| 

R - ' o.3?<r f£ 

H 3 = + £ o»s 

r O.S*S + 0-3*5 Co^> 

- 0.6S75“ #7 


Soil/IW^ f’o/' p 


pr E 

r o.ws S' 


fa */oQ(| V^qx/q - 6 ) 
(<X68?rV^/* ) 


193.3 ps,' 



PROBLEM 7.152 



7.152 A single strain gage is cemented to a solid 96-mm-diameter aluminum shaft 
at an angle /?=*20° with a line parallel to the axis of the shaft. Knowing that G = 27 
GPa, determine the torque T corresponding to a gage reading of 400 A. 

SOLUTION 




t -- 


6 ; = <sr - o 


J =!c‘ 


-y - %_ 

G 


* ° 


Sketch Mo^r-'s oVcJe -Fo* 

Gtzc .e tfPi t s /3 ci/^c k w'i's e ^ 

^ J I k a ^ A I ^ V- a a I 


Po, A+ G i a 2^ .c.Poc.ktWse ■PV'o*v> X on Molar's ciVcie 


- ifcifj ) 5 o 


R ~ ^ T *“ 

£. = 3/3 *- |gw,V 


26 J 


S /to 2/6 = 


/-* 0 . p -p -r* _ 2 G v J* ^ U G C 

T . n (;7»io ,, )C‘fgy/o ~ > ) > (‘/oo > /p~‘) _ ^ . U- *, 


S.V, Ho* 


r S.gH 




PROBLEM 7.153 



7.152 A single strain gage is cemented to a solid 96-mm-diameter aluminum shaft 
at an angle fi- 20° with a line parallel to the axis of the shaft. Knowing that G — 27 
GPa, determine the torque T corresponding to a gage reading of 400 M . 

7.153 Solve Prob. 7.152 , assuming that the gage forms an angle p= 60° with a 
line parallel to the axis of the shaft 

SOLUTION 




V 


L j 

6 i ~ 6^ r o 


^ Hr* 


Y G 


Sx * - O 


SlterfcJ* Molt r '5 c»VcJe ~Po^ s*f 

^rro»»\ 

P 01 . 0 + G is. 2/3 r !7o m cJoc.k'vis* -fVo~» 

poi^-t X ©* ciVc7&. 


e«~ - - 0 

r » *r 

: £*« 4 *R 4ii*i 2/3 r ~ s,vv 2^ 

r & * 



sA:.,^r 

T _. TT pH y 10^(48 Wo~ % )V4oox/cr* 

Si* tt.o° 


si* 3/8 


4.33 W ^ 
- 133 







PROBLEM 7.154 


7.154 A centric axiai force P and a horizontal force Q, are both applied at point C 
of the rectangular bar shown. A 45° strain rosette on the surface of the bar at point 
A indicates the following strains: 

€ X = -75 x I O'* iniin. e 2 = +300 x 10 + in7in. e 3 = + 250 x 10 + icu/in. 

Knowing that E - 29 x 10* psi and v= 0.30, determine the magnitudes of P and Q,. 

SOLUTION 


£* = IS y 10 6 £j “ e 3 - ZSOx/O " c 

Y*, = 2E Z - £, - E s r ttzSvlcT* 

— o\ -^~ 7S 4 

~ o 

e, - tYt. (v > Yb"* f + «>-»'(■ 

~ 7. 2 S' WO* pit* 

* 6; P^A6;^ (ZKOfrSS'WO*'* 

= 87. 0*10* lb : S7.Ok.piT 



27x10* 


= II. 157 x /o‘ p*«* 

s 9 . mo x/o 5 


J r T^bV] 2, = " 3£ r *rv 

GL - Ay. - (*)&>(/ .s) - 9 m 5 


£ * * i 


in 


r - JL3. 

^ " it 

It^ _ C3C)^)Q/.7 */v/p*> 

v " a 


Q y ^ V = - 37.9 


67.9 HO 1 A.' 

/(ips 




PROBLEM 7.155 


7.154 A centric axial force P and a horizontal force Q* are both applied at point C 
of the rectangular bar shown. A 45° strain rosette on the surface of the bar at point 
A indicates the following strains: 

e x = -75 x 10 ^ inJin. e 2 = +300 -x 10^ inJin. e 3 = +250 * 10* ia/in. 

Knowing that E - 29 * 10 6 psi and v- 0.30, determine the magnitudes of P and Q*. 

7.155 Solve Prob. 7.154, assuming that the rosette at point A indicates the 
following strains: 

e { - -60 x 10"* inVin. e 2 - +410 * 10* iiu/in. f 3 = 5 +200 x I0*inyin. 

SOLUTION 


<5, = e, - -eox/o" 4, ey - e 3 * zoo wo~ 4 

« Ze t - £, - S 3 “ GSO * lo ~ 4 

6i = jhr. 4 [- 6° + <o.sV*«o] 

= o 

% -- T^T C*J4»S,V -~r[^ Ko.sK-to)] 

= .5*.So0 *lo s f 

£ * ^ ? - A<$^ - (2 XOfesoo * /o 1 ) 

* SI.Gv/o'ifc * fcps 


2*? WO 6 
(2X1-51 


&:z zU77) T (2X1. 5T ' ,us1y, ° C f ! ' 

- GY^ - * l„S*S*lo S fsl 



1 = 


r ^(*>(^ 3 - 34 m- 

Q - 


«>( slO.s-)- 9 


VQ 



r It 


V = 

it?. 

rj (3&)(;0{7.5&5‘*fO ; 

V 

a 

*=? 


t * •? »«. 

C0.7y/0 s Jk. 


Q y ^ V/ = 60.7*/0*74. 


Go. 7 fc«p S 



PROBLEM 7.156 


] 





jo 

io 




0 


“1 



7.156 The state of stress shown occurs in a steel member made of a grade of steel 
with a tensile yield strength of 270 MPa. Determine the factor of safety with respect 
to yield strength, using (a) the maximum-shearing-stress criterion, (b) the maximum 
distortion-strength criterion. 


10S MPa 
-*•*- 54 MPa 



SOLUTION 

6* - - 36 MPa. , Sj - lo$ M Pa , 'Ey * SH M Pa 
6U - i (S', + 6j ) - 3G MP« 

R - y + 4£,* - 90 MP« 


S'*' I2C MPa, S" b - ’ -59 MPa. , S', * O 


(<=t> 

SVa*. ^ 

126 rtP* 


> = -S9 MPa. 







ISo MP« < 

27o MPa 


yre«&fin«j 'J 


F.S. 

. CT, _ 

Z7o 

l&o 

- I.SOO 



-* 

(b> 

V S*.’" + 

S k * - G«.6 b 

= IS1.31 MPa. < 

27o MPa. 

Co 

o y i i ^ 



Sr 


Zlo 

1 G 88 




F. S, 

vc*v- 


issr.^i 





7. 157 A spherical pressure tank has 1 .2-m outer aiameter and a uniform wall thickness 
PROBLEM 7.157 of 10 mm. Knowing that the gage pressure is 1.25 MPa in the tank, determine (a) the 

maximum normal stress, (b) the maximum shearing stress, (c) the normal strain on the 
surface of the tank. (Use E = 200 GPa and v= 0.30.) 


SOLUTION 


t « 

i#*, 

io * y*, 


_ t = jj (J.2)- \o%\d* - 0.,55c? , fi = L25* MPa 

For <x 

Sphere 

« >’ +clm /<r 

uncie^ 

p ress c*m-« 


cr - 

G' = 

h: . i 

ll- AS") ( ^ * _ 

: 36.5 MPa., 



V ~ > 2 

2t 

C2)(l° y ,0 “*^ 



«i * 0 






- 3£>. 5 

MPa 





- o 


'l = 18. W MPa. 

Cc) 

Hr 

- 

- 2/ ^2 - ■ 

200 * IO*» ^ 

36.5 */0 4 -(0.3 )^ */o‘) - C>"] 


= 121 x IO = 125// 


PROBLEM 7.158 

y i 



2 


7. 158 The strains determined by the use of a rosette attached as shown to the surface 
of a structural member are: 

e, =* 220 x 10** inJin. e 2 = 425 * 10^ inVin. e 3 =» 480 * 10-* inVin. 
Determine (a) the orientation and magnitude of the principal strains in the plane of the 
rosette, ( b ) the maximum in-plane shearing strain. 

SOLUTION 



C©S 2 &, 4 6y 5m l S, + si* 6, c©s ©, - £ ( 

^ S H 4 ^ 3 220 X IO C 


£* 4 o 4 0 - ^ZS * I O' 6, tn /i» (*•) 


Cos' 4 + Vyy Sin C*>S = £3 

i£x * - iXj = H8OXIO- 6 / M /m 

(2) <a.H«r/ (3^ ^.Ves 

E* - *7S«lo c i«/;» y Ej - ZlS+lo* ( v»/,Vi , Xy r 


^3) 

~ 2(>0 *\0 m /m, 


irOo-*) 



£ we * 4 = 350 */£> 

0* - Xy - 360 ___ 

tan ^ 42S--27S- 

= - /. 7333 


-30° -* 

Ob - 60° -* 

r JSO * /D” 6 in/i*i 

€ K ‘ £*, + R e 5too>r/o‘;«4H -* 


£V * £*• - * 


;?oo * |o“ »*/;* 


2R 

300*(o' C in A n 


(1d^ f»/. 




PROBLEM 7.159 



Xn +ke skeich 


of Plane stress it is known that the normal and shearing stresses are 
entation of the principal planes, (6) the maximum in-plane shearing stress. 


SOLUTION 

- & - i (<5* t e; > <=- i Cs-+ i* - s. s ^s» 

X 

R ' - <$L«. = is - 8.S = ‘f.S - Ins 

± S.S3 k*; 

IS si «.*>* pastjwej he*c« 


T«s, s **.8S if%r 






PROBLEM 7.160 


750 mm 



7.160 The compressed-air tank AB has an inside diameter of 450 mm and a uniform 
wall thickness of 6 mm. Knowing that the gage pressure in the tank is 1.2 MPa, 
determine the maximum normal stress and the maximum in-plane shearing stress at 
points a and b on the top of the tank. 


SOLUTION 


r =-*, A ~ Q'lS \ 

e v (i.zKaaS*) ^ 

S t - - XX. S M P*. 


£ * 6 


45 Mpc 


T«**.W e, - its , c, -- 225- - 6 ’ as I 

J r | (c/ - C, H ) - 4-4C . ^ y 1 o 6 * ^45 x/° 4 

T- tSWoOCSWMcT*) “ 2500 

r r = {ZSoo)CXZ\*tO »), 9 \'Zn*tO* pec * K 2** MPa. 

u J* 44C.4 *10"* 

"Wahs^^s* skeo*''- * o p«*i*4s <a. b. 

223.4S*/ef‘ ^ c* J3/»/o‘ 


Poi»»t CL 

M - (5 xfo* )(7S**/<f s 'J - 37SO K)**o 

^ _ Me _ (375o)(^ivio s ) _ p 

6 ' T" zn-HsHo-* ' 3 ' 8SMP * 

To+*.i stresses "(mPo.^ 

Ao»g»foeli>»AjP 6*- 22.S+ Z.88 r 2£.38 

Sb^OLtA ■ l.X^X 

£(£*$> 35*. £9 MP« 

R * = 1- 40 MPa 

- S'** ♦ R - W. I MPa - 




= R - <7. Ho MPa 


Po,.1 b 

M- (S*IO t )(7*7SO*K>' t ) r 7500 P-w, 

6 * 7. 75 MPa. 

Ti+ai stresses (MPa') 

e„ - Jtt.S + 7.7ST » 3o.^r 

(5 = 4S" 

Zy ’ /.2.7C 

6*.«*i(6T 1( + S J ')- 37.«5 MPa 

R - .{(Sz&f + r.j - 7.487 MPa 
6L.’C* + *- 45. I MPa -• 

- 7.41 MPa — 


PROBLEM 7.161 


750 mm 


750 mm 


7.160 The compressed-air tank AB has an inside diameter of 4S0 nun and a uniform 
wall thickness of 6 mm. Knowing that the gage pressure in the tank is 1.2 MPa, 
determine the maximum normal stress and the maximum in-plane shearing stress at 
points a and b on the top of the tank. 

7.161 Solve Prob. 7.160, assuming that the 5-kN force applied at D is directed 
vertically upward. 

!k SOLUTION 


V ~ jjr d - 'X'XS t : 


y sLvecL'o" 


_ PT (l.Z )(Z 2 S ) _ 

" t ' <S 

61 = ■= 27. S MPa. 


4S 


500 mm 




c, - 22S 


C, = Z7S + 6 “ 23 1 


J = f (c I ‘'-C l '*') * ^ - ¥4 &.<? »JO-‘ ►*.* 


T- (£ *lo l )(Soo»lo'‘ ) - ZSoo N-m 

t = ^ < Pa. = /.74r2 MPa. 

r - o a* po{*\ ts Ol Id. 

BenJUnj- I - asT - 223.45 »;o'‘ *,«, c*ZZI*/o s *, 

Po.v,t <x 

M - (Sylo^^SO-la’) - 375 O N-w MK5 v/O s X 7*7SO*/0' S ) * 75i>© iJ-m 

g- m.¥^ — ? 3 - 88tlP " 7 - 75Mp - 

To'f.jf (MPa'! Tota/ slvesses (MPa') 

6; = 22.S-3.8a=/8.«MPa Z7.S - 7.7S * 14.75 

C i re U*. /Wr-A-h'../ - 45 MPa 6j = 45 

SW 2^ - - |.2< 1Z MPa -Xj -- - /-*47 

6L. * ite-,+ %1' 31. SI MPa 6U* ifa+ej) * 24.875 MPa 

R, y §k5§x + rj = 13.75 MPa f? " ' IS -'* Mpa 

$•„„= 6^* ft 1 45. / MPa. -« €T^’ &«.■* R ; 45.1 MPa - 

T— 0^*fc«> r R * <3.75 MPa — * R- 15.18 MPa. - 


§k^ 

7 


6 "^= ft e 45 ./ MPa 


- R - '3. 75 MPa 



PROBLEM 7.162 



7.162 The steel pressure tank shown has a 30-in. inside diameter and a g - -in. wall 
thickness. Knowing that the butt-welded seams form an angle of 50° with the 
longitudinal axis of the tank and that the gage pressure in the tank is 200 psi, determine 
(a) the normal stress perpendicular to the weld, ( b ) the shearing stress parallel to the 
weld. 

SOLUTION 

r - al r IS iw. 



(200)0$^ 


6.37 S 


8000 ^ 



6** - iCT, - ¥ooo 

- £ (C v + S'* ^ “ Gooo f> -s } 

R - - *600 fS.* 

(A'i R CoS loo 0 

- v5T6.S^ ' 


(h) K 


R s .v, loo~ 

\°I70 f>%i — • 



PROBLEM 7.163 



7.163 A square ABCD of 2.4-in. side is scribed on the surface of a thin plate while the 
plate is unloaded. After the plate is loaded , the lengths of sides AB and AD are 
observed to have increased, respectively, by 540 x 10* in. and 900 x 10* in., while the 

angle DAB is observed to have decreased by 360 * 10* rad. Knowing that v - -j , 
determine (a) the orientation and magnitude of the principal strains, (&) the maximum 
in-plane shearing strain, (c) the maximum shearing strain. 



=■ 


_ _ aSb 


Ax 


AS 


=■ SH ^ l ° - MS *!o 
e ^ Aiy r A Kb 

3 Aj AO 


- 700*10' 


~ 37S */e> 

<*» y'ujJv'i DAB = 360 * lO - 360 


-c 


- 3oo */o 

r- 36 ° 


- 6 


in* 2.9* ~ 

e x - tv. 


Z25 - 37S 


— * -*.** 


iQf, - - - 33.7 


R - + Ofi 1 i is*io~ e ' 

£» - £»,. + R r ‘Hi* ,0“ — 

S b ’ £., t - R 5 I05 x/d‘ — 

(W -- fti-fb • 390 x fCT* 

ec ' 
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PROBLEM 7.164 


7.164 Fortbc state of plane stress shown, determine (a) the principal planes, (A) the 
principal stresses, (c) the maximum shearing stress. 


SOLUTION 



(C-) i(6W6-„.i= ilSL-O* R - 10. n« k*.- 



PROBLEM 7.165 


7.165 The grain a wooden member forms an angle of 15° with the vertical. For the 
state of plane stress shown, determine (a) the in-planc shearing stress parallel to the 
grain, ( b ) the normal stress perpendicular to the grain. 



(MPa 





PROBLEM 7.167 

y\ 



30 MPa 
"" * 


7.167 For the state of stress shown, determine the maximum shearing stress when (a) 
o y = +72 MPa, (b) a y = -72 MPa, 

SOLUTION 

5^-20 MPa r 32 = 27 MP* , = o 

(a.) Ej - 4 72 tf Pa. 

r)(wO 


W « i(6Tj*SV MPa 


ft- - ^MPa. 

6m~ = 6T fc - 6L*fi ' SI MPa. 

6r„; Bi -- e x * -- 30 MPa. 

^ i V sSS. S MPa. — 

(b) 6j - - "72 MPa. 

6U - i ((Sy + Q 2 ) = -36 MPa 

.R-y ( a^y + MR, 

S^= 6 ^~- 6 ^ 4 ft = <7 MPa 

S^* * 6; r 6^ - ft * - SI MPa 

4 (s:_ - 'j - *#r MPa. - 
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r ) (mpo 




PROBLEM 7.C1 




(b) 


60 MPa 


20 MPa 



7.C1 A state of plane stress is defined by the stress components <r„ cr y , 
and Tjy associated with the element shown in Fig. P7.Cla. (a) Write a com- 
puter program that can be used to calculate the stress components oy, ay, and 
T associated with the element after it has rotated through an angle 6 about 
the z axis (Fig. P7.Cli>). (b) Use this program to solve Probs. 7.13 through 
7.16. 


SOLUTION 

(?■£), i> +27 '■ 


PfeexZ/ZAM 
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rr - 

'fy ~ z 




cos Zb + ^ Sth 20- 

COS 70 ~ TZy & » 


T - 
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— $i‘h 2& + 7*$ ^ 




<T~ . ’T7. 


'7"' 


& 


PWT <£>/? T/V^JrO FoPl T^t ; Tt£ 5 <**0 7^1 


Problem 7.13a 


Problem 7.13b 


Sigma x = -40 MPa 
Sigma y = 60 MPa 

Tau xy * 20 MPa 

Rotation of element 
(+ counterclockwise) 
theta = -25 degrees 

Sigma x' = -37.46 MPa 
Sigma y’ = 57.46 MPa 

Tau x'y' * -25.45 MPa 


Sigma x * -40 MPa 
Sigma y = 60 MPa 

Tau xy = 20 MPa 

Rotation of element 
(+ counterclockwise) 
theta = 10 degrees 

Sigma x' = -30.14 MPa 
Sigma y* => 50.14 MPa 

Tau x'y' = 35.89 MPa 



Problem 7.14a 


Sigma x = 0 MPa 

Sigma y = - 80 MPa 
Tau xy * -50 MPa 

Rotation of element 
(+ counterclockwise) 
theta = -25 degrees 

Sigma x 1 = 24.01 MPa 

Sigma y’ * -104.01 MPa 
Tau x'y’ = -1.50 MPa 


Problem 7 . 14b 

Sigma x = 0 MPa 

Sigma y - -80 MPa 
Tau xy = -50 MPa 

Rotation of element 
(+ counterclockwise) 
theta = 10 degrees 

Sigma x* = -19.51 MPa 
Sigma y* * -60.49 MPa 
Tau x'y* = -60.67 MPa 


CONTINUED 



PROBLEM 7.C1 - CONTINUED 


ChrroT 


Problem 7 . 15a 

Sigma x « 8 ksi 

Sigma y = -12 ksi 
Tau xy = -6 ksi 

Rotation of element 
(+ counterclockwise) 
theta * -25 degrees 

Sigma x* = 9.02 ksi 

Sigma y* = -13.02 ksi 
Tau x’y* = 3.80 ksi 


Problem 7,15b 

Sigma x = 8 ksi 

Sigma y = -12 ksi 
Tau xy * -6 ksi 

Rotation of element 
(+ counterclockwise) 
theta = 10 degrees 

Sigma x 1 = 5.34 ksi 

Sigma y' = -9.34 ksi 

Tau x'y' = -9.06 ksi 



Problem 7.16a 


Problem 7 . 16b 


16 ksi 



Sigma x = 0 ksi 

Sigma y * 16 ksi 

Tau xy * 10 ksi 

Rotation of element 
(+ counterclockwise) 
theta - -25 degrees 

Sigma x' = -4.80 ksi 

Sigma y' = 20.80 ksi 

Tau x'y' = 0.30 ksi 


Sigma x = 0 ksi 

Sigma y = 16 ksi 

Tau xy = 10 ksi 

Rotation of element 
(+ counterclockwise) 
theta = 10 degrees 

Sigma x' = 3.90 ksi 

Sigma y' « 12.10 ksi 

Tau x'y 1 = 12.13 ksi 



PROBLEM 7.C2 



7.C2 A state of plane stress is defined by the stress components tr x , a y , 
and associated with the element shown in Fig. P7.Cla. (a) Write a com- 
puter program that can be used to determine the principal axes, the principal 
stresses, the maximum in-plane shearing stress, and the maximum shearing 
stress, (b) Use this program to solve Probs. 7.7, 7.11, 7.66, and 7.67. 


SOLUTION 
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Problems 7.7 AND 7.11 


Sigma x « -60.00 MPa 
Sigma y = -40.00 MPa 
Tau xy = 35.00 MPa 

Angle between xy axes and principal axes 
( + counterclockwise ) 

Theta p = -37.03 deg. and 52.97 deg. 

Sigma max = -13.60 MPa 
Sigma min * -86.40 MPa 

Angle between xy axis and planes of maximum in-plane shearing stress 
( + counterclockwise ) 

Theta s ■ 7.97 deg. and 97.97 deg. 

Tau max (in plane) * 36.40 MPa 

Tau max = 43.20 MPa 


CONTINUED 



PROBLEM 7.C2 - CONTINUED 



Fig. P7.66 and P7.67 


Problem 7.66a: Sigma x « 140.00 MPa 
— Sigma y * 20.00 MPa 

Tau xy = 80.00 MPa 

Angle between xy axes and principal axes 
( + counterclockwise ) 

Theta p = 26.57 deg. and 116.57 deg. 

Sigma max = 180.00 MPa 
Sigma min = -20.00 MPa 

Angle between xy axis and planes of maximum in-plane 
in-plane shearing stress ( + counterclockwise ) 
Theta s = 71.57 deg. and 161.57 deg. 

Tau max (in-plane) = 100.00 MPa 

Tau max (out -of -plane) = 100.00 MPa 


Problem 7.66b: Sigma x « 140.00 MPa 
Sigma y * 140.00 MPa 
Tau xy » 80.00 MPa 

Angle between xy axes and principal axes 
( + counterclockwise ) 

Theta p « 45.00 deg. and 135.00 deg. 

Sigma max * 220.00 MPa 
Sigma min = 60.00 MPa 

Angle between xy axis and planes of maximum in-plane 
in-plane shearing stress ( + counterclockwise ) 
Theta s * 90.00 deg. and 180.00 deg. 

Tau max (in-plane) » 80.00 MPa 

Tau max (out-of -plane) » 110.00 MPa 


Problem 7.67a: Sigma x = 140.00 MPa 

Sigma y = 40.00 MPa 

Tau xy « 80.00 MPa 

Angle between xy axes and principal axes 
( + counterclockwise ) 

Theta p = 29.00 deg. and 119.00 deg. 

Sigma max « 184.34 MPa 
Sigma min = -4.34 MPa 

Angle between xy axis and planes of maximum in-plane 
in-plane shearing stress ( + counterclockwise ) 
Theta s = 74.00 deg. and 164.00 deg. 

Tau max (in-plane) = 94.34 MPa 

Tau max (out -of -plane) * 94.34 MPa 


Problem 7.67b: Sigma x = 140.00 MPa 
' Sigma y « 120.00 MPa 
Tau xy = 80.00 MPa 

Angle between xy axes and principal axes 
( + counterclockwise ) 

Theta p * 41.44 deg. and 131.44 deg. 

Sigma max = 210.62 MPa 
Sigma min = 49.38 MPa 

Angle between xy axis and planes of maximum in-plane 
in-plane shearing stress ( + counterclockwise ) 
Theta s = 86.44 deg. and 176.44 deg. 

Tau max (in-plane) = 80.62 MPa 

Tau max (out -of -plane) » 105.31 MPa 



PROBLEM 7.C3 



7,C3 (a) Write a computer program that, for a given state of plane stress 
and a given yield strength of a ductile material, can be used to determine 
whether the material will yield. The program should use both the maximum- 
shearing-strength criterion and the maximum-distortion-energy criterion. It 
should also print the values of the principal stresses and, if the material does 
not yield, calculate the factor of safety, (b) Use this program to solve Probs. 
7.81 through 7.84. 


SOLUTION 
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Problems 7.81a and 7.82a Sigma x = 36.00 ksi 

Sigma y ® 21.00 ksi 

Tau xy » 9.00 ksi 

Sigmax » 40.22 ksi 

Sigmin * 16.78 ksi 

Using the maximum- shearing- stress criterion: 
Material will not yield 
F.S. *= 1.119 

UBing the maximum-distortion-energy criterion: 
Material will not yield 
F.S. = 1.286 


CONTINUED 



PROBLEM 7.C4 



7.C4 (a) Write a computer program based on Mohr's fracture criterion 
for brittle materials that, for a given state of plane stress and given values of 
the ultimate strength of the material in tension and in compression, can be used 
to determine whether rupture will occur. The program should also print the val- 
ues of the principal stresses, (b) Use this program to solve Probs. 7.91 and 7.92 
and to check the answers given for Probs. 7.93 and 7.94. 


SOLUTION 

PR / A ; S’'7'fZlr S S 
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\]£ = UV*. "" ^ 
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b v 

THe „ occur 


* 


P/?g£Rf\W OUTPUT 


Problem 7.91 Sigma x = -8.00 ksi 

— Sigma y = 0.00 ksi 

ksi Tau xy » 7.00 ksi 

Ultimate strength in tension = 10 ksi 
Ultimate strength in compression * 30 ksi 

8 ksi 

Sigma max = Sigma a 4.06 ksi 
Sigma min = Sigma b -12.06 ksi 
Fig. P7.91 Rupture will not occur 



CONTINUED 




PROBLEM 7.C5 

y\ 



P/ZAiPfiM 



7.C5 A state of plane strain is defined by the strain components €,, € y 
and y associated with the x and y axes, (a) Write a computer program that 
can be used to calculate the strain components €*>, e,-, and y x y associated with 
the frame of reference x'y' obtained by rotating the x and y axes through an 
angle 6. (b) Use this program to solve Probs. 7.126 through 7.129. 

SOLUTION FFO£ P&m h'd £ 


tel?.**) ckc zb t ^ ii»z& 


Jte./7*s) 


E&.frM) £'=- -(f y - f 9 ) +■ K , 3 €as z& 

£»Hi f yj ^ & 

Fx/ht values oer*i»*v £* €.' X,' 

our pur 


Problem 7 . 126 Epsilon x - -720 micro meters 

Epsilon y = 0 micro meters 

Gamma xy * 300 micro radians 

Rotation of element, in degrees ( + counterclockwise ) 

Theta * -30 degrees 


Epsilon x'<= -669.90 micro meters 
Epsilon y’= -50.10 micro meters 

Gamma x'y' = -473.54 micro radians 


Problem 7.127 Epsilon x « 0 micro meters 

Epsilon y * 320 micro meters 

Gamma xy =* -100 micro radians 
Rotation of element, in degrees { + counterclockwise ) 

Theta * 30 degrees 


Epsilon x'e 36.70 micro meters 
Epsilon y'« 283.30 micro meters 

Gamma x’y’.. 227.13 micro radians 


Problem 7.128 Epsilon x « -800 micro meters 

" “ Epsilon y » 450 micro meters 

Gamma xy - 200 micro radians 

Rotation of element, in degrees ( + counterclockwise ) 

Theta - -25 degrees 

Epsilon x'= -653.35 micro meters 
Epsilon y'« 303.35 micro meters 

Gamma x'y'» -829.00 micro radians 


Problem 7.129 Epsilon x » -500 micro meters 

Epsilon y = 250 micro meters 

Gamma xy « 0 micro radians 

Rotation of element, in degrees ( + counterclockwise > 

Theta « 15 degrees 


Epsilon x'= -449.76 micro meters 
Epsilon y'= 199.76 micro meters 

Gamma x'y'= 375.00 micro radians 



PROBLEM 7.C6 




7.C6 A state of strain is defined by the strain components e„ e r and y v 
associated with the x and y axes, (a) Write a computer program that can be used 
to determine the orientation and magnitude of the principal strains, the maximum 
in-plane shearing strain, and the maximum shearing strain. ( b ) Use this program 
to solve Probs. 7.134 through 7.137. 

SOLUTION P£o<S [?(* v> p~c>lU> poWfiT/Ci/vf 
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Problem 7.134 


Epsilon x * 160 micro meters 

Epsilon y = -480 micro meters 
Gamma xy = -600 micro radians 
nu = 0.333 


Angle between xy axes and principal axes {+ = counterclockwise) 
Theta p = -21.58 degrees 

Epsilon a = 278.63 micro meters 

Epsilon b => -598.63 micro meters 
Epsilon c = 159.98 micro meters 

Gamma max (in plane) = 877.27 micro radians 

Gamma max = 877,27 micro radians 


CONTINUED 



PROBLEM 7.C6 - CONTINUED 


Problem 7.135 Epsilon x « -260 micro meters 
Epsilon y = -60 micro meters 

Gamma xy * 480 micro radians 

nu = 0.333 

Angle between xy axes and principal axes (+ = counterclockwise) 
Theta p = -33.69 degrees 

Epsilon a * 100.00 micro meters 

Epsilon b = -420.00 micro meters 
Epsilon c = 159.98 micro meters 

Gamma max {in plane) = 520.00 micro radians 

Gamma max = 579.98 micro radians 


Problem 7.136 Epsilon x = -40 micro meters 

Epsilon y * 760 micro meters 

Gamma xy * 960 micro radians 

nu = 0.333 

Angle between xy axes and principal axes (+ = counterclockwise) 
Theta p = -25.10 degrees 

Epsilon a = 984.82 micro meters 

Epsilon b ** -264.82 micro meters 
Epsilon c = -359.95 micro meters 

Gamma max {in plane) = 1249.64 micro radians 
Gamma max = 1344.77 micro radians 


Problem 7.137 Epsilon x * -300 micro meters 
Epsilon y = -200 micro meters 
Gamma xy = 175 micro radians 

nu = 0.333 

Angle between xy axes and principal axes (+ = counterclockwise) 
Theta p « -30.13 degrees 

Epsilon a * -149.22 micro meters 
Epsilon b » -350.78 micro meters 
Epsilon c = 250.00 micro meters 

Gamma max (in plane) « 201.56 micro radians 

Gamma max = 600.77 micro radians 




LJ 


PROBLEM 7.C7 




PnC'&M 


'frfVHS 


7.C7 A state of plane strain is defined by the strain components e x , €,, 
and measured at a point, (a) Write a computer program that can be used to 
determine the orientation and magnitude of the principal strains, the maximum 
in-plane shearing strain, and the maximum shearing strain. ( b ) Use this pro- 
gram to solve Probs. 7.138 through 7.141. 


SOLUTION 
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Problem 7.138 


Epsilon x = -90 
Epsilon y « -130 
Gamma xy * 150 


Angle between xy axes and principal axes {+ = counterclockwise) 
Theta p * 37.53 and -52.47 degrees 

Epsilon a = -32.38 micro meters at 37.53 degrees 

Epsilon b «= -187.62 micro meters at -52.47 degrees 
Epsilon c = 0.00 micro meters 

Gamma max (in plane) «* 155.24 micro radians 

Gamma max = 187.62 micro radians 


CONTINUED 




PROBLEM 7.C7 - CONTINUED 


Problem 7.139 


Angle between xy 
Theta p 
Epsilon a 
Epsilon b 
Epsilon c 

Gamma max 
Gamma max 


Problem 7.140 


Angle between xy 
Theta p 
Epsilon a 
Epsilon b 
Epsilon c 

Gamma max 
Gamma max 


Problem 7.141 


Angle between xy 
Theta p 
Epsilon a 
Epsilon b 
Epsilon c 

Gamma max 
Gamma max 


Epsilon x = 375 
Epsilon y = 75 
Gamma xy * 125 


axes and principal axes {+ = counterclockwise) 
= 11.31 and -78.69 degrees 

= 387.50 micro meters at 11.31 degrees 

- 62.50 micro meters at -78.69 degrees 

= 0.00 micro meters 

{in plane) = 325.00 micro radians 

= 387.50 micro radians 


Epsilon x = 400 

Epsilon y = 200 

Gamma xy => 375 


axes and principal axes {+ * counterclockwise) 
= 30.96 and -59.04 degrees 

* 512.50 micro meters at 30.96 degrees 

= 87.50 micro meters at -59.04 degrees 

= 0.00 micro meters 


(in plane) = 425.00 micro radians 

= 512.50 micro radians 


Epsilon x » 60 
Epsilon y » 240 
Gamma xy = -50 


axes and principal axes (+ = counterclockwise) 
= 7.76 and -82.24 degrees 

= 243.41 micro meters at 7.76 degrees 

= 56.59 micro meters at 97.76 degrees 

= 0.00 micro meters 

{in plane) = 186.82 micro radians 

= 243.41 micro radians 



PROBLEM 7.C8 


7.C8 A rosette consisting of three gages forming, respectively, angles 
01 , 0 2 , and 03 with the x axis is attached to the free surface of a machine com- 
ponent made of a material with a given Poisson’s ratio v. (a) Write a computer 
program that, for given readings e,, e 2 , and e 3 of the gages, can be used to cal- 
culate the strain components associated with the x and y axes and to determine 
the orientation and magnitude of the three principal strains, the maximum in- 
plane shearing strain, and the maximum shearing strain. ( b ) Use this program 
to solve Probs. 7.142 through 7.145. 


SOLUTION 

/=zae To 3 f <S^ &nc( 

: MU*TS 


(&o) foft. «»*> ^ *** 


f/V7£R 




YulA. 




*■ B TR 

a_ Oft&y 

f - a - e - c 


1 / 




£*- 
c hi/ 

&* ±uT-^- 

r z 








Pf?6/f2/rSA OUTPUT 

Problem 7.142 


Affix //v- 6 
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'GUT- OF- pCAHIT 


= 


Gage 


theta epsilon 
degrees micro meters 


1 30 600 

2 -30 450 

3 90 -75 


Epsilon x « 725.000 micro meters 

Epsilon y = -75.000 micro meters 

Gamma xy = 173.205 micro radians 



l. 



Epsilon a « 734.268 micro meters 

Epsilon b * -84.268 micro meters 

Gamma max (in plane) * 818.535 micro radians 


CONTINUED 



PROBLEM 7.C8 - CONTINUED 


Problem 7.143 


Gage theta 
degrees 


epsilon 
in. /in. 


Epsilon x 
Epsilon y 
Gamma xy 


379.808 in. /in. 

460.192 in. /in. 
■1339.230 micro radians 


Epsilon a * 1090.820 in. /in. 

Epsilon b = -250.820 in. /in. 

Gamma max (in plane) = 1341.641 micro radians 


Problem 7.144 


O&S&RVg' rmr £A<C£ 3 /< fU-OS/t 

7 u «/>s. 

£A>T*r2 /? ho A no 

7>^ vsU-ljF &F £ u TFfir >C 


theta 

degrees 


epsilon 
micro meters 


Epsilon x = 420.000 micro meters 

Epsilon y = -300.000 micro meters 

Gamma xy = -210.000 micro radians 

Epsilon a = 435.000 micro meters 

Epsilon b = -315.000 micro meters 

Gamma max (in plane) = 750.000 micro radians 


Problem 7.145 


Gage theta 
degrees 


epsilon 
in. /in. 


Epsilon x = 
Epsilon y * 
Gamma xy * 


315.000 in. /in. 

-5.000 in. /in. 
-410.000 micro radians 


Epsilon a * 415.048 in. /in. 

Epsilon b = -105.048 in. /in. 

Gamma max (in plane) = 520.096 micro radians 





CHAPTER 8 




PROBLEM 8.1 



8.1 An overhanging W250 x 58 rolled-steel beam supports two loads as shown 
Knowing that P = 400 kN, a = 0.25 m, and * 250 MPa, determine (a) the 
maximum value of the normal stress a m in the beam, (b) the maximum value of the 
principal stress at the junction of aflange and the web, (c) whether the specified 

shape is acceptable as far as these two stresses are concerned.. 
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PROBLEM 8.2 
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D 
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8.1 An overhanging W250 * 58 rolled-steel beam supports two loads as shown. 
Knowing that P ~ 400 kN, a = 0.25 m, and 250 MPa, determine (a) the 
maximum value of the normal stress a m in the beam, ( b ) the maximum value of the 
principal stress at the junction of aflange and the web, (c) whether the specified 
shape is acceptable as far as these two stresses are concerned.. 

8.2 Solve Prob. 8.1, assuming that P = 200 kN and a = 0.5 m. 

IVL^ r 200 * 2oo*/o* y 

IMU, - (2ooviO*)(o.S) - loo* IQ a I 


(kvT> 


2.0 O 


-loo 


M 


(kN- 


V 


-joo kid-**" 


Fov* W 2.SO * S% rofJeA S"feei s ec-h'o* 


of - 2S7. bf ^ 7.0 3 miv> 

2.0 MW l x - 27. 3* lO L 


tp -13 .6 ****. 
693 */O a 


C ~ 2 ~ 1 26 v ymv\ fa ? (Z ~ tp - 117-3" 


CoO = 


lOO vfO 3 
693 * (cT‘ 


m3 Wo 4 P*. 

= IHH. 3 MP*. 





128. 8H MPol 


bp tf - (703)(\3.S) - 2790.6 - m*v> 

^y f - - H9.76 ^ 

Qt - “ 3ZQ>.2o*lo 3 - 326. 60 x 10 “" 





R - 

(lo) 


Cc'l 



Xr t**' 


(87.3^\0- fc XS x /O" 3 


= U3.C3 MP«v. 


2 

- 

“ 2- 
Since 


6 ^ * 


172.0 MPee 
25“0 MP* % 


W 7.SO^£2 is CLCCepjaMh . — 




PROBLEM 8.3 



8.3 An overhanging W36 * 300 rolled-steel beam supports a load P as shown. 
Knowing that P = 320 kips, a ~ 100 in., and = 29 ksi, determine (o) the 
maximum value of the normal stress a m in the beam, ( b ) the maximum value of the 
principal stress at the junction of a flange and the web, (c) whether the specified 

shape is acceptable as far as these two stresses are concerned. 


Wl»«* * 320 k>'f% 

» (dgo'Xlod) r 3X000 
Pot IV 3 £ y 300 roMaA s4 c UV\ 


V 




+ 3*o 



A - 36.7 tf- I. 680 5*. 

ivi. 20300 i* * s* - mo 

C * id ~ 13.37;*. y b r C- *■ I4.C9 i«. 

**•**•■ 

c 6_ ~ r 

=* 27.98 m 1 

y+ r ~k (c4 J7. 53 

Ot 7 Af - 49 o.H 9 ,v»* 

r r r (320 Kllo.HI) = 

^ I* i* ( 208 ooVd.Hr} 



•i 

¥ 

* ■ 

S* 

M 

4 r 'S.-HM lw.‘ 


a) 

■ 1 + R =• 

28. S kv* 

— 

to) 

Since 28. S ks.' 

^ »* AcctfkUh. 





PROBLEM 8.4 



u 


] 



p 

u 




p 

u 







8.3 An overhanging W36 * 300 rolled-steel beam supports a load P as shown. 
Knowing that P = 320 kips, a = 100 in., and = 29 ksi, determine (a) the 
maximum value of the normal stress a„ in the beam, (b) the maximum value of the 
principal stress at the junction of a flange and the web, (c) whether the specified 
shape is acceptable as far as these two stresses are concerned. 

8.4 Solve Prob. 8.3, assuming that P = 400 kips and a = 80 in. 

- 4oo kifs 

\H\^- m.oo)(to) r 32.000 k •p-m. 







for W 3G *300 roJJ&h sec-'K'ow 

- 36.74 m bf - m 

t w r 0.945 m 

2 


C - iA * IS. 37 in 


tp r /. G?o ; M 

1# r 20300 in* S y - !/JO 

y b - C - tf - It. 6*7 »V» 


x ~ I Ml. 

(.CL) €> m - -^7 


- 32000 
1 llo 


28. S ksS 


-3Zooo 


_ WlwQw _ QKxOCmo.^) 

^ ‘ I,tw ' (2o3oo ) Co. 9* S') 


r *u i 3 .n l 


ei* &6i -= Cm. 8)- 2C.Z 

A, - L* t* - 27. 98 ;« l 

r a (c- 4 r l7 - 55 ^ 

Qi - A jfr - 4Cil0 - 44 
10.53 l«. 

ic.m. l<»,- 


u _ 


00 

S' r + 

R - 

29.7 

(c^ 

Since 

29.7 ^s; 

> §U/ 


W36* 300 »‘s ho~f Acce^'t^bfe 



PROBLEM 8.5 


•250 kN 250 kN 250 kN 



8.5 and 8.6 (a) Knowing that a t u = 160 MPa and = 100 MPa, select the most 
economical metric wide-flange shape that should be used to support the loading 
shown. ( b ) Determine the values to be expected for a m , r„,and the principal stress 
Ojtm at the junction of a flange and the web of the selected beam. 

37S-ktJ f j (? e 375 W t 

1VU 15 37 5 UN 


ImL^ - vso ktJ-n 

IV] J pc-im 1 C \7S H/ 



HSO-'id 1 r ?c „/o“ 5 m 3 

V ” ,v ' 6> 

160 x/O 6 


r 

2SI2.5* /o 2. 

s 

IV) *V) 

•SJ-^pe 

S v Clo a ***%* *) 


W / 176 

537o 

Ccl.) Use 

IV 76o x 147 

44 1 o 

W 69o* 125 

W 67o x t?$- 

35/ o 


W Giox/sr 

mzo 

d - 6 7S *vi*v^ 

v J 530 x 150 

37 

tf - \6-3 O 

W 

33 4 0 

T 

W 360 x 216 

3*00 

-11.7 VxiW) 


, I Ml 


•*** - 




n - 


5* 

Ivl 


f x/ ° 3 fc * ia«.^x/O c P^ r MP*. 

3S/o*t o- c 


- 


IVL 


375x/o» 


d t 


A4 poivf C. 


(G7S>K>-*Yu.7*fO'*) 

3 


^ V_ I2SV/0 


' A- ' (G7g*/o-*)0l.7*/O- #, i 


r 47.3*/c/Pa - 47_?M Pa-* 

J5.76 m/O 4 ’ P a 


- /if. 76 MPa 

C*£.J = ^^337 ^ - C - if ** 33?-l6.3o r 3*3.7 

6L ■ -- (^2 )(,**. *•) , m.o hp« 




*R * 7(%) V ♦""u*' = -Jczt.o) 1 -+05,76 ) Z = G3.D MPa 


6 *. 


6L 




4 R 


CL 0+63.0 - 127. 0 MPol 








PROBLEM 8.6 



D 

k 275 kN 


1.5 m 

vOtv'i 



-275 

M C^W-»k) 


412,5 W-* 


8.5 and 8.6 (a) Knowing that = 160 MPa and = 100 MPa, select the most 
economical metric wide-flange shape that should be used to support the loading 
shown, (b) Determine the values to be expected for o m , r m ,and the principal stress 
at the junction of a flange and the web of the selected beam. 

R g - Sot. I? few t £ = sot. n l 
WL* 7 275 kv 
(ML*.- 412.5 

S„;„ - ^ - Z sig xto* 4, 

SLuie Sw ( 10 s ww ^ (JX) Use 

WS'IOV' )?5 36 )o 

U/53£>W5“0 37^0 

WHfco*l58 334 o 

W 3 x 214 3800 tf = IC.SO ^ 

- 1U7 


W76<pv 147 

HHlo 

W640* )?5 

35lo 

iv 53£> * /50 

372o 

W Hfco* 158 

334o 

W 36S * 316 

3800 

_ IMU 

Hn' S r 

4/?.5WO s 
3 IS&* ter* 


^-HI2.S kW-M 

| \S 1 ^ WLn _ 

Aw i 


X75~ * IQ 3 
(67$*l£>~ $ )(U*7*tO~ 


= UTS* MfK -« 
3H.7*lo c P^ = 317 MBk 


C = i«l s * 2S1 tf ~ 1^.30 C- tf - 33^- K.3o r 3Z7Sh*** 

SI - ^6^ * (^ 2 )("7.SV HI. 85 MPa. 

R - -ftifF+X? r 'fteS^ZS? 4 (5¥.7) L - €5.8 Iff MPa. 


€5. sis: -MPa. 


SS.1ZS *■ 6S.S/S - (2). 7 A-IPa, 



PROBLEM 8.7 


20 kips 20 kips 

I 2 kips/ft 1 


- y„ - *1 ' — 30 ft 4* — * 

10 ft 10 ft 


V ({opO 


r 

m (ky-r-n 


-2oo 


-Zoo 


8.7 and 8.8 (a) Knowing that a* =24 ksi and =14.5 ksi, select the most 
economical wide-flange shape that should be used to support the loading shown ( b ) 
Determine : the values to be expected for a m , r„.and the principal stress a mflX at the 
junction of a flange and the web of the selected beam. 

Pa ‘ ^ f R© - 50 kips T 

IVU 3o kips 

Zoo - z^oo ki’p-iVi. 

S . - lUlsa ? _ lon , * 

ZH " 100 


IcO Use 

W Z\ 

in. 

£f - 0. in. 

t w - 0^00 ,n 

8.70 k5>,' 


Skctj) e 

s Cf*‘ ^ 

W X4v&2 

is4 

W 'Xl x ££ 

1X7 

W t$ x 76 

H6- 

W 16 *77 

\34 

W IX x 96 
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W 10 * Hi 

\3>\ 


_ 


r 1 3.57 kr >‘ 

~~2 ,V r c-tf- to.495 - O.G /5 ^ 7.gS in. 

<s;=- )( i8.qo j -- k».- 

R- 4 ^7 - -/(8. S9C)* + (3.57) 1 = 9.irs6 ks.- 

A* 

^ + R r + 7.526 r tg.4S !&,* 


27oo 

U7 

3o 



PROBLEM 8.8 

1.5 kips/ft 



V (kips) 



8.7 and 8.8 (a) Knowing that =24 ksi and =14.5 ksi, select the most 
economical wide-flange shape that should be used to support the loading shown. ( b ) 
Determine the values to be expected for o m , z- m ,and the principal stress a max at the 
junction of a flange and the web of the selected beam. 

t)2M,= O -121?, + (1.5X18X3)= O f?, - C.7S k.y* t 

M, = O 12 1 ? 6 + O.s-XiaX'O' o t? g 1 

WU r ll. ZS 

27 Ufii -- 3M fcp-ln 
* M U< _ 32+ . 

s - - ' ~vT ' 


M (k.'p'-H) 


15.19 k.p.-Ff 


SVifitpe 
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w ia * 

l£ 

n. i 

W lo x 

IS 

13. 8 

W 2 * 

IS 

IS. X 

W 5 x 

20 

13. q 


(a') Use 
W lo * IS" 

A - in. 
if- O.XlO in. 
“ O.ZZo »n. 


^ - -ff - 23.^ Ws; 


y ^ j y Jjrzf - r kV 

^ eft-, C^.^K^so) 


-27 


Cs H " 


r -2^2 s m 


y fc = C - i f = - 0.37O = H.72S »r>. 

6 " b - 6 "„ - (^f Xas. 5 ) ~ 22.2 fesl 

R = J(^) r T~zF~ * = ( 2 -/ Us! 

Gr„«. ^ + R - +12.1 - 23.2 b.' 



PROBLEM 8.9 

90 kN 



8.9 through 8.14 Each of the following problems refers to a rolled-steel shape 
selected in a problem of Chap. 5 to support a given loading at a minimal cost while 
satisfying the requirement a„s.a^ For the selected design, determine (a) the actual 
value of o„ in the beam, (b) the maximum value of the principal stress a nuw at the 
junction of a flange and the web. 

8.9 Loading of Prob. 5.81 and selected W410 x 60 shape. 

From Problem S. 8 I ~ 160 MPa. 

= IM j C t> 




I Vl - IP ItU c J x> 

Fo** 410 x &0 s’Veei seeA’te** 


d - HoT ~ l"7& mm ^ ~ 1 2 . v *'m 

7.7^ J I 2 r 5,- /O^Ox/O 1 
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m ' S " 106 o o” c 

y b =■ c ** £fs - I ^c>. 7 mw 


8 MPa. — * 


S" b r MPa. 

Af - -- 2278 


% L* 
R * 


VQ 

It. 


( SOxIoOCMM*? X 

pU6v|C>“ 4 Hi.*? 


^y--5(c4yi^ r 1^7. 1 mm 

d = Afj - (JU7S)f/r?.0 = 

/O’ 4 ') 
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^(S) 1 +~"'C * = 75\6 Mpcc 

- f + R * -Jll.i + 7S.6 = 


447 */D 3 


61 


147. Z MPa. 



PROBLEM 8.10 


SO kN 



vlffc*n 



8.9 through 8.14 Each of the following problems refers to a rolled-steel shape 
selected in a problem of Chap. 5 to support a given loading at a minimal cost while 
satisfying the requirement a m <.a M For the selected design, determine (a) the actual 
value of a m in the beam, ( b ) the maximum value of the principal stress er^ at the 
junction of a flange and the web. 

8.10 Loading of Prob. 5.86 and selected S 510 * 98.3 shape. 

Pko** ‘Pv-oVsJPe*^ «S". 8C r I 60 MPa. 

T 254 kM* kv-v pomt *8 

|Vl - 3&o *8 

pov' S SlO x 78.3 \roJJed secb\o*\ 
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J = i ( c + /i^ r ^3.9 
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* 7^.04 
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PROBLEM 8.11 


8.9 through 8.14 Each of the following problems refers to a rolled-steel shape 
selected in a problem of Chap. 5 to support a given loading at a minimal cost while 
satisfying the requirement a„ s cr& For the selected design, determine (a) the actual 
value of o„ in the beam, (6) the maximum value of the principal stress o mait at the 
24 k‘P s junction of a flange and the web. 

8.11 Loading of Prob. 5.83 and selected W27 x 84 shape. 


Fv*ov* LVoLi S, 23 6**^ ~ -2^ trti 
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PROBLEM 8.12 


1.5 kips/ft 


0.5 kip/ft 



8.9 through 8.14 Each of the following problems refers to a rolled-steel shape 
selected in a problem of Chap. 5 to support a given loading at a minimal cost while 
satisfying the requirement For the selected design, determine (a) the actual 

value of a m in the beam, (b) the maximum value of the principal stress o msa at the 
junction of a flange and the web. 

8.12 Loading of Prob. 5.84 and selected W18 * 50 shape. 

Tv'oovx S. r 2Y k»i' 

'ML-- 13 s k-p.ft = I £ 2 o <d B 


18 k.’pa <cf 3 
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f + * 
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0 


PROBLEM 8.14 



8 9 through 8.14 Each of the following problems refers to a rolled-steel shape 
selected in a problem of Chap 5 to support a given loading at a minimal cost while 
satisfying the requirement a m <. ^ For the selected design, determine (a) the actual 
value of o m in the beam, ( b ) the maximum value of the principal stress at the 
junction of a flange and the web. 

8.14 Loading of Prob. 5.88 and selected S15 * 42.9 shape. 

FV'o** £ . 38 6*4/ r 2H 


| Ml*** - <*6 k.p-'f'f - US 2 V 




Ai V iV\> 32.4 k. ps. 
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PROBLEM 8.15 


| ft 150 mm 

~^^^150mm 
T « 600 N • m 


8.15 Determine the smallest allowable diameter of the solid shaft ABCD, i 
that = 60 MPa and that the radius of disk B is r = 80 mm. 

SOLUTION I 

T - TV = o l.S*lo*H 


= ip 

- 3.? S x to* fiJ 

M g = ( 3JS*lO s )(/&> */o' 5 ) 
r SC2.S> bJ * 







Crf+icA-f section Sits <t*f pd>»V^ 13 M- 56^.5" tJ’to J i - &00 bJ-to 

J If * _ (VmST^U 
T r ~ 


£_ yMSX _ £ sl(£t?.S)* +U oo)** 


u ' IT ~ 

c - ZO.S8 *io' s m 


* 8.726*10 *, 

ol * 2c * 41.2*10'* to r 4L2 




PROBLEM 8.17 


8.17 Using the notation of Sec. 8.3 and neglecting the effect of shearing stresses 
caused by transverse loads, show that the maximum normal stress in a cylindrical 
shaft can be expressed as 




PROBLEM 8.18 


175 mm 


175 mm 


175 mm 

'TkN^I 




100 mm Pi 


8. 18 Use the expression given in Prob. 8. 1 7 to determine the maximum normal stress 
in the solid shaft AS, knowing that its diameter is 36 mm. 

SOLUTION 


Ve^t i'caJ 4-* 
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~ GOO W’fc'l 
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IS* IQ 
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PROBLEM 8.19 


8.19 The vertical force P! and the horizontal force P 2 are applied as shown to disks 
welded to the solid shaft AD. Knowing that the diameter of the shaft is 1 . 75 in. and 
that % = 8 ksi, determine the largest permissible magnitude of the force P, 



is j«4 ■/« of C. 

r * 2 ?Z Mj- s ? 2 M, = X. ?Z 

(f - l.7£ i'n C - £ M -- O.llZ in J- f(b.87s) V =• O.^xoll ,’y» 

Xu - r 2 + M/ + 

8 - / (8 p*r * cs-p.r + up.) 1 = *».'**• n. 

p, - 


0.873 kips 


8 73 it. 



PROBLEM 8.20 


8.19 The vertical force P, and the horizontal force P 2 are applied as shown to disks 
welded to the solid shaft AD. Knowing that the diameter of the shaft is 1 .75 in. and 
that r,u = 8 ksi, determine the largest permissible magnitude of the force P 2 . 



ip* 

Send it ^ Inov'zev'taJt f>JcuAe. ^ ^ 

-*| 3 in U !<>•" 


8.20 Solve Prob. 8.19, assuming that the solid shaft AD has been replaced by a 
hollow shaft of the same material and of inner diameter 1.50 in. and outer diameter 
1.75 in. 

SOLUTION 


D Lef Pa. be in k'p* 

IM, U . - 0 CP, - 8 Pi r O P. * § P* 

^ ~To*-Cf U p pon--f i© m A&C T - 8 

,io I ^ l 


Sending iVi Ver-fic*// 1 piawe 
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3 P, 
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• - i Ji - 0 . 7 CP • 


J - KCo V ' r O.H2.37C m" 

x* - y V T * + */♦ 

8 - V » tgP»T » - I?. 4 .' 3 P t 

P 2 ?0.yoz ktfs “ V0? 4io, 


I 



PROBLEM 8.22 


P 




8.22 Assuming that the magnitudes of the forces applied to disks A and C of Prob. 
8.19 are, respectively, P , = 1080 lb and P 2 = 810 lb, and using the expressions given 
m Prob. 8.21, determine the values of v H and r K in a section (a) just to the left of B 
( b ) just to the left of C. 

SOLUTION 

sbaH <=li ■a.ine'f e.v/' - 1.7 S »Vj. 
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|Vc + T - (|K‘I3C.2 Vo.87S-)4 £480 •- £7 34 JU* 

Mc»s/St 43£J « 300 8 A-.'. 

r “ " Mien V (3oo1!)S(C7S4 ^ ' 7oto p *f — 



PROBLEM 8.21 



8.21 It was stated in Sec. 8.3 that the shearing stresses produced in a 
shaft by the transverse loads are usually much smaller than those produced 
by the torques. In the preceding problems their effect was ignored and it was 
assumed that the maximum shearing stress in a given section occurred at point 
H (Fig. P8.21a) and was equal to the expression obtained in Eq. (8.5), namely, 



Show that the maximum shearing stress at point K (Fig. P8.216), where the 
effect of the shear V is greatest, can be expressed as 

r K = j-J(m cos/?) 2 + (jcV + t ) 2 

where (3 is the angle between the vectors V and M. It is clear that the effect of 
the shear V cannot be ignored when z K zx H . (Hint. Only the component of M 
along V contributes to the shearing stress at K.) 

SOLUTION 


pom 4 W 


X)^e "V I 


Doe +o T 


Fcv' l Q_ r g’C 3 

Fo** a. cu4 across 9s 


or a c.if'cu/ar S> 




**r = 


lv Ki C . 
(iJ X&3 


z Vc^ 

* ~ 



t =4 * 2 c 


S»v\ce +Wse <skea* | t*3 ■fka Sa**ie «4Vowt 

* §" ( f Vc *» r) 

s4^eis at poi‘*vf K* Gi * • j ° 

u is, te4v^eevA + k* avi ~hhe 




PROBLEM 8.23 


8.23 The solid shaft ABC and the gears shown are used to transmit 10 kW from the 
motor M to a machine tool connected to gear D. Knowing that the motor rotates at 
240 rpm and that = 60 MPa, determine the smallest permissible diameter of shaft 



BenJ ♦ 'rvU>r*e* i at B M b = L* b F = Ooowo-'Y'mn - w.i M. ►vn 



c = is.<m wo ' 5 ho J- Zc - 31.0 kvx - 37.0 ***-» 



PROBLEM 8.24 


100 mm 



90 mm 


8.24 Assuming that shaft ABC of Prob. 8.23 is hollow and has an outer diameter of 
50 mm, determine the largest permissible inner diameter of the shaft . 

SOLUTION 


Fr O*''- 8-23 

e<r F r /O kit/ 

Vloio/- speed - WO V'pwv = 4 Hx. 

tlif - GO M?ou 


T = 


A 


' cz-inc^n 
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c- M - cJ 1 
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-i 
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♦ 


-a 


MO 


43.9 



PROBLEM 8.25 


120 mm 


8.25 The solid shaft AB rotates at 600 rpm and transmits 80 kW from the motor A/ 
to a machine tool connected to gear F. Knowing that = 60 MPa, determine the 
smallest permissible diameter of shaft AB. 

SOLUTION 


160 mm 


120 mm 
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T - ^ - 8Q» JO* - 

Gecit C fc. ~ 
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7C7. o 
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c 
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ZS.Sfrto* m 
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PROBLEM 8.26 


120 mm 


160 mm 


8.25 The solid shaft AB rotates at 600 rpm and transmits 80 kW from the motor A / 
to a machine tool connected to gear F. Knowing that = 60 MPa, determine the 
smallest permissible diameter of shaft A B. 

8.26 Solve Prob. 8.25, assuming that shaft AB rotates at 720 rpm 

SOLUTION 


120 mm 



Tr aff = ,06l -° 


Gectr C FJ. - 
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* C ‘ Tltf 


1885.4 
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PROBLEM 8.27 



8.27 The solid shafts ABC and DEF and the gears shown are used to transmit 20 hp 
from the motor M to a machine tool connected to shaft DEF. Knowing that the motor 
rotates at 240 rpm and that = 7. 5 ksi, determine the smallest permissible diameter 
of (a) shaft ABC, (b) shaft DEF. 

SOLUTION 

20 Hp > CZOMGCQo) - 13 2 »lO % mJlo/s 


2 4c? rpw, - ^ - 4 Hz 
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— 
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VC35&2-) 1 f (S©^) 4, 

750 0 
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ol » Xc *■ 1. H67 in 





PROBLEM 8.28 



8. 27 The solid shafts ABC and DBF and the gears shown are used to transmit 20 hp 
from the motor M to a machine tool connected to shaft DBF. Knowing that the motor 
rotates at 240 rpm and that = 7. 5 ksi, determine the smallest permissible diameter 
of (a) shaft ABC y ( b ) shaft DEF. 

8.28 Solve Prob. 8.27, assuming that the motor rotates at 360 rpm. 

SOLUTION 


7.0 kp = Uo'lteoo) - i» A/s 


3GO ~ 


= GHi 


C Fa 


SUf+ ABC T=*|jr^ [ItUO* " 3S0t 
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Me r (41(583.4)= 2^34 «VA 
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PROBLEM 8.30 


8.29 The solid shaft AB rotates at 450 rpm and transmits 20 kW from the motor A/ 



(VmVT 1 i MJN.'tl*' 

2 'M • |(W+r ^ 

T TT r s jHsr |o<te.S _ 

C ■ * c ' .55**10* 


- 1046. 3 W-w* 


M.oiivio* m 


C - 22. 16*10'* ho 


e>|-2c r 4S^*/C>‘*»o 


4^~.4 




PROBLEM 8.31 


100 mm I 


8.31 The cantilever beam AB has a rectangular cross section of 150 * 200 mm. 
Knowing that the tension in cable BD is 10.4 kN and neglecting die weight of die beam, 
determine the normal and shearing stresses at the three points indicated. 


100 mm I 



SOLUTION 


150 mm 
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PROBLEM 8.32 



8.32 A 6-kip force is applied to the machine element AB as shown. Determine the 
normal and shearing stresses at (a) point a, (6) point A, (c) point c. 


SOLUTION 

thick hesa r 0.8 in. 
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PROBLEM 8.34 


8.34 through 8.36 Member AB has a uniform rectangular cross section of 10 * 24 mm. 
For the loading shown, determine the normal and shearing stresses at (a) point H, (b) 
point K. 



? - So* * 3. Ml k\j V - H.ST si«3o° ^ z.zskyj 

( 4.5T x lo y JChox fcf* &r*3o a ) r 90 



] 



PROBLEM 8.35 


8.34 through 8.36 Member AB has a uniform rectangular cross section of 10 x 24 mm. 
For the loading shown, determine the normal and shearing stresses at ( a ) point //, (b) 
point K. 



SOLUTION 
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PROBLEM 8.37 


8.37 Two forces are applied to the bar shown. At point a, determine (a) the principal 
stresses and principal planes, ( b ) the maximum shearing stress. 



0.75 in. 


10 kips 


SOLUTION 
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PROBLEM 8.38 


8.38 Two forces are applied to the bar shown. At point b, determine (a) die principal 
stresses and principal planes, ( b ) the maximum shearing stress. 

SOLUTION 


60 kips 




PROBLEM 8.39 



8~39 The billboard shown weighs 8,000 lb and is supported by a structural tube that 
has a 15-in. outer diameter and a 0.5-in. wall thickness. At a time when die resultant 
of the wind pressure is 3 kips located at the center C of the billboard, determine the 
normal and shearing stresses at point H. 

SOLUTION 
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PROBLEM 8.40 


8.40 The steel pipe AB has a 100-mm outer diameter and an 8-mm wall thickness. 
Knowing that the tension in the cable is 40 kN, determine the normal and shearing 
stresses at point H. 


SOLUTION 


t = 8 mm 
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PROBLEM 8.41 


8.41 The axle of a small truck is acted upon by the forces and couple shown. Knowing 
that the diameter or the axle is 1.42 in., determine the normal and shearing stresses at 
point H located on the top of the axle. 



j= ^c 4 - o .mss >J= Z1 w 0.39914 tV 


sir*** cJ- H 
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PROBLEM 8.42 


A 1.5-kip force and a 9-kip-in. couple areappliedat the top of the cast-iron post 
shown. Determine the normal and shearing stresses at (a) point H, (b) point K. 


9 kip • in 


9 in. 
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PROBLEM 8.43 



8.41 The axle of a small truck is acted upon by the forces and couple shown. Knowing 
that the diameter or the axle is 1.42 in., determine the normal and shearing stresses at 
point H located on the top of the axle. 

8.43 Far the truck axle and loading of Prob. 8.41 , determine the principal stresses and 
the maximum shearing stress at point H. 

SOLUTION 


3500 lb ■ in. 
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PROBLEM 8.44 


9 kip • in. 



842 A 1-5-kip force and a 9-kipin. couple are allied at foe top of foe cast-iron post 
shown. Determine foe normal and shearing stresses at (a) point H, ( b ) point K. 

8.44 For foe post and loading of Prob. 8.42, determine the principal stresses and the 
maximum shearing stress at (a) point H, ( b ) point K. 


SOLUTION 


*Hvf Soitifi’ow e"P Prt^b, 3.72 

(a) 6^ « O ^ 3.3 1 k s.‘ 

Ob') S'* t - 8,80 ksi 3 “ 2.73 ksi 


(cl) Poirt'f H 



3.37 ks 


(b) Poio*f ^ 

I 8.80 ks* 


iMf 


2.73 kv 



s- c - O 

R - 3.37 ks; 

6^- 6^4 ?? - 3.3 •y/ft/ 

5 k :6i'P ! - 3.3 4 kV 

21* R - 3.3 7 fc»,‘ 



6" c - - ^ = -H.7o hi 

R ’ -){*‘£ 9 Y 4 y lesi’ 

6*. r $1 f R - 0.37 ksi 

6^ - 61 - R - - 7. C7 


- R * r. 27 ksf 



PROBLEM 8.45 


8.45 The steel pipe AB has a 72-mm outer diameter and a 5 -mm wall thickness. 
Knowing that arm CDE is rigidly attached to the pipe, determine the principal stresses, 
principal planes, and maximum shearing stress at point H. 



SOLUTION 
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c oupJt S*j:s4eivi oJr TX 

F d = 9- 3 - QM i 

T d r 

+ (3 *lo*)(t20 *io'*') 

- 1490 



A4 fie section CoyAtU* i*M-J poi/Ws M W 

*? - O 0 V - 6 kf^ T - 1990 AX** 
M ~ (G*lO*)0So*tC>* } - <900 |M-hn 


Secfiov* p^ope^f »<s cJ 0 ~ 7? w*vi C p - d Q T 36 **•'■*1 
A = TT (C* 1 - Q 4 ) r t.oS’XM x lo S hwi 1 ~ l.oSH */0~ 3 O 

I r 593.39 * 593.S9 x/oV* 

J- *■ 21 ~ 1. 1277 x m* 

Fo^ WJf-j».’pc Q. = i CO - O ) s VI M3 X lo 3 *0 


Q - 0 o - £ r 3/ 


- M. 2M3*/o" c n 3 


Af poiVf H Poi«i H Ji'e$ o» Al\e neo{r*J o^ckS of bz*k*fiv\^ . 6^/ 5 




PROBLEM 8.46 



8.46 The steel pipe AB has a 72-mm outer diameter and a 5 -mm wall thickness. 
Knowing that arm CDE is rigidly attached to the pipe, determine the principal stresses 
and the maximum shearing stress at point K. 


SOLUTION 


150 mm 


120 mm 
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PROBLEM 8.47 


8.47 Three forces are applied to 4-in.-diameter plate that is attached to fee solid 1 -8-in. 
diameter shaft AB. At point H, determine (a) the principal stresses and principal planes, 
(b) the maximum shearing stress. 



SOLUTION 
\Z kips 



2-S k 't 



Zo k.'p. iw 


A 4- fkt StcA idU ^OlA ■) H 

P~ 12 k-fs Cco^pr*55 

V “ ^-5" k.ps 
T - ^ = 5 k*p »*o 

M » (*)(*.£ 'i s *0 Jty.tn. 

fl) - 1. S’ C s ^ J - 0. ? m. 

A * tt c. 1 - £.545 ,V 
I ^ ^ c** * 0.SI5S m* 

j- ^ - I. 0306 in' 1 


Fo./' A. SC«v\,‘ C»Vey/«- 


Q. ^ | C s * 0.486 i* s 


Poivl H Hits o * ne,uir*J &+.\s of 6 *h * * ~ = ~4.7K to ( 

_ _ Tc Va _ (r)(o.«?) ^.D(o^g6) . r r?/ . L . 

‘ j" IF * 1.0306 Vo-SI^Kl*} 



4. 71 S k si 


5:676 to.* 


r OO 



S* c = - -2.S57S- ks; 

R - y/C^^T «• 5:676* - C.I4GI 
(CL 'l 6*42 ^ 3.7<? fc 5l * 

6i * 6* e - R * -2. -So tor 

+** 2* P = - ^-403 


33.7 


0 k - US.7 


6 (kii'i 


r.676 


(fa) t~. * f? - S. IS k*; 


U 




PROBLEM 8.48 



8-48 A 13-kN force is applied as shown to the 60-mm-diameter cast-iron post ABD. 
At point H, detennine (a) the principal stresses and principal planes, (b) the maximum 
shearing stress. 


SOLUTION 


VE * Vl2S l + 360 ; 


300 mm 


A+ "D F x -o 

Fj r-(HfXl5^- IS kN 

F - -(-^X ,S V - s Uyj 

of $-on.e ■ coOpJle s^s+e.^ 

aX *H« c®*4ife>fel* of -bks zeah'o* 

Cor\"t Aiming poi*T H 

r -1.00 Z t 0.75" 2 - I- S Ic kK)-hi 


M y 




a 4 k 

0. /S° O.soo o 

o -IX “5 


0,7SUW*»*» 


1 .$ ¥#-***> 

1.0 


Section pirw^e^fies 

J “ 60 »n»* C * ^ * SO 
7TC* - 2.3*7 4»lo s *»~> x 
I * f C f " €34. 17 * /o 3 
J = ZI - 1.27513 xio 4 


Fo^ a se^i c\*'cJz 

A+ poi*f hi 6« 


Q. - 4 C i - 19.00 y/O 


3.3 

hi/v* 


X -£- Me C<-gwo^)(3QW£>' 8 ) _g^,3 M p a 


ZZVWCT* 436.17 x^O-* 1 


V r Tc , VQ_ CO-75 , tewoMQg.^io"*).. = MPa/ 

j + It L 2723 */ 0 ~* *{ 636 .n*lO’l)(io*{D m:t ) ° 



*1.13 MPa. 
20.04 MPa 



050 5 C = ^ " -^.545- MP* 

R 4 ^ c 48.963 MPa 

^ s;*R' ^ up* 

6L’ 6k -R * M MPa — 

e*= i?. i° . a*- lo?. \° — » 

(W) tU * R * 48.1 MP«- — 



PROBLEM 8.49 



4-^ 


2 kips t. 


3ki P » 


■}■ po i *4 W 


8.49 Three forces are applied to the cantilever beam shown. Determine the normal and 
shearing stresses at point H. 


SOLUTION 

fM - 4l»t Co>m4cu ^ po»'*^4s H X • 

Hit -po^ea - 

. , 3 top* v/ev+ic*^ 

P* 24 tops , V * . r , . , / 

Tile. b&tAdirt<3\ e.*^P ^/'c I 

ctloo^f V)p'/ a*os- M - 0 s-*-i “ 33 kip'i* 

fiJooA vev'4'iCaj? anti's 3o top- i* 

Sec4 iim p^'o pe s I c ^ 

A - m(o » a m 1 


I,- *(1W‘ " 72 ih” 

Ij - £(cX-0 J * 32 ,V 


3o k»p. in 

/- -f * £k . (33 Ys) 

~ fa J 24 7*2. 

y ; . j2. -^— - q 1 9 c l(v 

H 7. fa ' 2 2H u. ** 


0.375 to/' 



0. 125 to; 


0.375 to* 




PROBLEM 8.50 


8.50 Three forces are applied to the cantilever beam shown. Determine the normal and 
shearing stresses at point K. 


4 in. 


3 in 




Forces 


X kips 


*4 


SOLUTION 

y4+ the seeiion Co»o4«u»vvj^ poiVHs H cvnci K 
■Vke sKe^iVi^ Forces ou^t. 

Tk<. *v>e>»v\ 6/rf co*^ipo*oe*^Ti dk<- 

dlkocrf hor i2««W **.* ; M-0swX3)= 33fcp-i« 

iiaojl - \zc^i"tc^ a*e.*‘3 - O ~(l5 s t(z‘) - *Z>0 ki'p*tw 

Secilon p*oper4ie* 

A =■ (M')(6'> - 24 i« l 

I,» Tt(H'i(0* - 72 1*'' 

Ij= fcfcWY * 32 ,V 

kv* p • in 


SO fop 4" 


A4 p oi n4 K 


6- - _ P _ JSrit + J4i = - -f± - (-3 2lfe? + ilMBl = !».' 

°« A X, 24 T* 33. 



A" - (0(1 'i * 4 ih l J - 2.? ;«. 

Q_- A*^ - (41(3.5) - lo ,'«* 

=• TT * r 0.1012. ks.' 

* It (70(4) 

o. IOH* ^si 

K H > ksi 





PROBLEM 8.51 


8.51 For the beam and loading of Prob. 8.49, determine the principal stresses and the 
maximum shearing stress at point H. 



14^- 


'tlksi 


SOLUTION 


Fv*om -l-Ue ^ r °^* 8.4^ 


6*„ - 0.375 Kv 
t'u -0.1 IS 



O.IZS k$; 


0.375 h>; 



cr(ks.) 


>0.18754-0.1875 


S c ' 9 0.1*75 k*# 

9 - U°-^r <0. \S^f - 0.WS3 Hi 
SI - S c + R = o.4/3 k*i 
<S1- 6 C - R - -o.o37S 
2^ - R - 0.225 ks,‘ — 1 


PROBLEM 8.52 





& 52 For the beam and loading of Prob. 8.50, determine the principal stresses and the 
maximum shearing stress at point K. 

SOLUTION 


frow He Sojj-f To^ of 8.5° 


6;- l.7«ks.‘ 

74 - o. io4Aksi 


0. 1042. !»•' 


.742 ks; 



5 c ^ L1A3. r 0.846 k*/ 

R ^ 1042) ** - 0.402 k»i 

64- 61 4 R - 1.743 ks. 

61 » 61- 1? ’ -o.ooc Ics; 

* r - o.^oz rs,' 





PROBLEM 8.53 



_I?2_ fOTC f ** applied t0 a steeI Post as shown. Determine the nonnal and 
shearing stresses at point H. 

SOLUTION 


A - O^oK^o') a 7 *2*/o x “ 7*2. xlo S v*** 

X*= AC«o)(i»o) s - s , uf»(o‘ 


100 mm 




120 iW 


'.gro JoJ 


2000 W-IW 


F '? £££ $ 


.oonJes 


J 2 - ^-(ao)(co) z - 2. 16 *io c »„„ H t 

*f)w SCc4(^m poiVrl^ H <U >uel » 

P r 120 W Ccann pi^SS ) 

v< - -2o ku 

V* * -50 JtM 

(20x/o^)(\oo> lo' 1 ) - 2000 fO-y* 

gi. 

es r 1)000 M* yv\ 


Sl*«SS«S Jt p«(Vit W 

. x l^x _ i$o*/o> (a 

°M A + X " * ^ ' .o - VL- 



- - l ? . °* fc Z . _ (UCx^OtO^/o 3 ') , 0>oo)(3&>JcrM 
7.2v/o-3 ZAC*Iq-<- 

“ 4 16.67 Mfia -ZS^MPa •+ 27. 7S MPa = - 1^.35“ MPa 


A 1, r feo'Jfed-ao’) * »v»*v, *" 

2 - (20 + ijg ) T HO 

Q# * A*L * ^v/o S A,m S - *76 */o‘ 6 IV, 1 

H ^ , r?6 MPe , 


I* t (ff.t'WO^XfcOu/c? 4 ) 


H.35 MPa 

A 


rstnPa 



PROBLEM 8.54 


8.54 Three forces are applied to a steel post as shown. Determine the normal and 
shearing stresses at point K. 




SOLUTION 

/\ r (jaoXsO “ 7-2Wo ?> to*'* 1 ~ y* 

I,* 8.6H*to‘ hm ' i t g .6VWO' 4 ^ 

- 1^(120 )(&>? -2*16* (0 & mnn* - 2. 1 4 > lO * W\ ** 

Ai See’fiOM Coni&h 1<Vi^ po/'V'K p| a*W 

'P=* 120 fcW (co^pr'CSSi©* ) 

V* - -20 W 

V t * SO kK) 

H 2 ~ (20*10^(100 */o '* ) - 2600 

r (l56^)te*/6 5 ) 

+ CSo*to % )(loo*{c>'') 


- 1 1 000 N * **» 


Stresses -oA pot * t k 


e; 


£ M>z . M,x 
A I* 


i3o wo* _ (noopyteow 8 ) + D 

7.2 Ho'* S?. 6*f X /O’ 4 


* - IQ.C 7 M?*.- 76 . 34 MP<l 4 0 *• 


- <* 3.1 MPa. 




3 jvj. .. 3 20*10* 

2 A ^ 1 . 7 * 10 '^ 


4./ 7 MPa 


54.^ MP«v 




PROBLEM 8.55 


8.55 Two forces are applied to the small post BD as shown. Knowing that the vertical 
portion of the post has a cross section of 1.5 * 2.4 in., determine the principal stresses, 
principal planes, and maximum shearing stress at point H. 



SOLUTION 


Coupon <$ SOO Jit*- 

f. * - - *- 

cur*} of SOO Jk ■ 


r =- s.zs Z +- (g- i )J 

e.o"f of Soo Zh 4 
z | k 

M - 3.25 S O - - ZZGO k A.;* 

140 - 48 o o 


Ai He seeho* conlfli'nin^ poiwi H * V - - HSO M j. V* - IHo 

V 2 r - 6000 &. ^ M 2 - -2260 A./rt , M* =■ -(4)^600 ) r - Zi OoQ /*. 


A - (l.sX^V'i * 3.6 ,'** I z = j40-«06.sX =• 0.675 in 1 ' 




I 3 


PROBLEM 8.56 



8.55 Two forces are applied to the small post BD as shown. Knowing dial the vertical 
portion of die post has a cross section of 1.5 * 2.4 in., determine the principal stresses, 
principal planes, and maximum shearing stress at point H. 

8.56 Solve Prob 8.55, assuming that the magnitude of the 6000-lb force is reduced to 
1500 lb. 


SOLUTION 


CoiM porters o-f £00 

F* , Cft>oX»,zp r HO J h 

b.7.5 


c ,^ 0O .JL 

€». 15 


-= -qgo A. 


of $00 A. 'Fotroe. 

Y' ~ 3>.XS Z +■ (6 - J ) 1 


x J k 

M - 3.25 S O = -ZZ&O k A- in 

Ho - HBO o 


Ai +U S6 c^{om con poMf H : ~ 4*0 A V K - H Oik 

V z =• - l5oo A , M z - _ 22GO A-<« , M v - - (4 )( I £oo ^ = - 6000 4-/V 


A =■ (l.SK2.4\ r 3.6 ,V 
^ . P . M*x . _ JL 


w ' A ‘ 3 - 6 0675 

a T\ * i ^ f si 


I, r £(2.410.5)* = 0.675 i> 


- 2644 p*. - 


2644 p 5, 

€25 psl 



6" c - i<S ’ - 1322 ps,‘ 
r - -/(^ T - ii&z ps.- 

6"* = 6^ 4 R - I4P ps i 
6t r 6k - R * - ^784 ps,- 
+a-* 26 - 2JL r - o 4728 


9„„- 12.7 


© k - /02.7 


T^R = 1462 ps.- 



PROBLEM 8.57 


&57 Three forces are applied to the machine component vt5Z) as shown. Knowing that 
the cross section containing point H is a 20 x 40-mm rectangle, determine the principal 
stresses and the maximum shearing stress at point H. 


50 mm 



2.5 kN 


7SW 


SOLUTION 


E<^yi I't 4-o^ce - CoopPe c*^C 

sec/ii oiA M 


F z ?-2.S)c\J 

Hy ?( 0 .i so ')(*&*>')* 37 S- 




H 2 r ~ (oJJT©X<S’c>o') «• - 75 “ N* »v> 

A - ftoX<fo) t 800 


= 260 * IO~ C *>* 


I 2 - 1 ^L^o)(Zoj l T 2G.C67XIO* mw 


=■ 26. 667 «/0~' n 


c* « P — 3ooo C-7S‘Xloy/o *) _ ^ u ' 2 nc m P« 

‘ A" " *1^ *00 */0- 4 ’ %.«7x/0-» " ^ 5 n ^ 


A 

3 

* A 


*« ’ 3 ^ » f - *.e* 7 s MP ft 



24.3?<T 







12. 12?^ MPa 


R: 


+ (4.687fl* - 

!3.0S7i MPa 


6^4 R - 

25. Z MPa 

- 


6;- (? .- 

0.«7 MPa 


\o*\ 

2S - ^ 
Sit 

C0(<<.£f7S] . 
34.37^ 

• 0.3846 


0*. » 10.5-° > 100.S* 

* P ? >3.0* MP<l 





PROBLEM 8.58 


8.57 Three forces are applied to the machine component^#/) as shown. Knowing that 
the cross section containing point is a20 * 40-mm rectangle, determine the principal 
stresses and the maximum shearing stress at point H. 


8.58 Solve Prob. 8.57, assuming that the magnitude of the 2.5-kN force is increased 
to 10 kN. 


kgjg a 150 mm 

0.5 kN 


160 mm 


0. SkW 


SOLUTION 


Izqtsi -fcv v ce~ coop-Pc 5ys4ei*n eA 

•3k.N Seo+iot* Cor\i<xi'r\ DO i'/>J hi. 

Ns, J 

F Fj‘-0.Sk\J } F x s~loUV 

M v = o J My - Co.ISoVioqoo) * ISOO N-h ' 1 
, soo*-r« Mx - - (.OJSO)CSOO) - - 75" W- 


A * (Zo)(Ho) * Soo 


tSN-tnrx 


' 5*00 * / 0 ‘ C IfV! 1 


I, T A(Ho“)(ao ) 5 - 2tM7*lO* mm* 


t 2 C.U 7 *t 0‘ n 


£ _ - ~ 3QQQ . f~7 £* Mqw/O**) 

a " x f ' 8oo*/o~‘ 26.667 » (or* 

, J.JOO oo__ r M p 

SI A 2 200* iO- 6 


Zi. 37 S MP* 



r = I2.I#7 S’ MPa 

- 22.363 MP« 

6L * ^ 4 R *■ 34.6 MPa — 





PROBLEM 8.59 


8.59 Three steel plates, each 13 mm thick, are welded together to form a cantilever 
beam. Fa- the loading shown, determine the normal and shearing stresses at points a 
and b. 



75 mm 


150 mm 

f — 13 mm 


SOLUTION 

Ir^UtVaJe*^ •Po/'t-e - coo pJ’e s^ys4eiv> at 
^ Section. points a. fc> 

r x = ^ = - 13 ktJ ; f ; 5 o 

M x - (0.4oo)(l3*/o 5 ') " £200 
- O.^ooX*} via*) * 36oo 
M 2 - O 

A- (2Vl5'O')03') +- 03X75-26) = 4537 ^ 

- 4537 * /O'* »v , 1 


T s 2 [tW^X'S) 3 * (IS0)foX37.S--6.5yJ + ^Os)(lS- ^) 3 = 3.4303 */0 & >»»,' 

* L = 3. 4303 x to* 


31 

r 




£ 


Oy - O 


I , 2- j* 0*XlS°7 + £ (lS'-26)63f = ' 7.321?* lo‘ 

3* j 

Fan point Q. Oy = C> Wy 

Fon point \d 

X s - 45 ^ - 31 

-e * 


w. 


u 


□ 


45 


£ 




A* * (GoXl*') “ 780 
X * -45 WV*»» ^ - 31 WMVl 

r 24. /8 * /o 3 - 24. J9 V /Cf* JV, 

Q y r * -35. / x/o‘ S mm 3 ’ -35-1 * lo ' C *«* 

J 

M poiwt a 6^- ^ 

. (5200 X 37.5 Wo"') C36 oo7(-75x/o' j ) _ 0/ . *. k/ip. 
' 3.4^3 7.37*5 v, 0 -* ' " 86 * 5 r ° r,5L 

= O 




K, . « I ^ _ My X 

A+ i r "i7 "ij - 


(52oo)(37.S*/o-*)_ (^o^C-l^vlo 3 ) _ „ ^ ^ 
" 3.43 7.37*5 x/o-‘ “ 0/ * nra 


^ IVJfoH ^ NJIQ.I (<4*10^35.1x10“) OSxloQ^^lSWO- 6 ) 

Ijt l,t ‘ (7.32*5 x|0’ c> )(l3v/o-3] (3.4303X|0- 4 >(I3MO- S ) 


= 3.32 MPa + £. J5 MPa 


•7,47 MPa 




L, 



PROBLEM 8.60 


400 mm 



»r E 


150 mm 


^ = 13 mm 


8.60 Three steel plates, each 13 mm thick, are welded together to form a cantilever 
beam. For the loading shown, determine the normal and shearing stresses at points d 
and e. 


SOLUTION 

E<* o i'J&Jesd Force - cookie sy sfe.vn ckA 
Section points a. b 

F* - Fj F* - O 

M* - (o.Mo&Yia* lo * ) - S2oo k).*> 

Mj - (o.Hoo)(*t* to 1 ) - 36oo M-m 
M, - O 


A “ (2YlS‘oYl3'l * (is1(7S-26) ~ HS37 

~ ^5 37 Wo“ 


I y “ 2 [nOfoX I3) S f QscOCl3>(S7.S , -Csf] 4 ^(^Os^cY* - 3.^303 xjp 6 

- 3.?3 oS^lo'*" 

ly^ ^ TkC7S'-^^yi3^ 3 ^ 7.3ilSWo 4 ^ =■ 7. 321 Sy /o'* 

^ ,,A 1 F otr poinf of A* - (6PYl3) r 78^ *»*'F 

t: . y r t, - ac - . 2 . 

31 x ~ ^5 *•»**•> - 61 iv-im 

r A*j s 2¥./S wt> 3 *** * zi.i%*/o~ c 

1 . • •! -— =t , . c , 

4 45 U Qy * A* X = 35 : 1 y /o 1 =• 35: ) X /<r c ^ 

_____ ^ Fo/" poirtf € Qy = O ^ Oj - O 

: A+ p«;«4 4 <=g ' ^ ~ ^xf 

^ ~~ _ C5W'l(37.s->io-n (3(,t>°)(iS*lo' ls ) _ p _ 

3.^3o3x/o“‘ 7.SJII5 >lo- c x, rir*. 

'Ldc 4v V '2', - 1^' r (9^ 0Q )(^ I */P r 3 32 M .*► 
i - - ~^ -t Soe * v * Li j 3 t (7.wFto r ‘ : m*io->) • 4 -* <rir *' 

1 U X \J ^ IIQ ^ - 0300 0^4. IS WO-M- . M p *_ 

Net rj= 2.85 M fft. — • 

.... „ KLv K X . (SI°oHSZSy( 6*) (Si, ooMlf *tcr') 

A+ P ,, * t e b e-' ly ~ ~i^~ ■ 3-noSHD-* ~ 7.3X/S-x|0-‘ 

- 12.74 MP* — * 


r t = © 



PROBLEM 8.61 


8.59 Three steel plates, each 13 nun thick, are welded together to form a cantilever 
beam. For the loading shown, determine the normal and shearing stresses at points a 
and b. 



8-61 For the beam and loading ofProb. 8.59, determine the principal stresses and the 
maximum shearing stress at points a and b. 


SOLUTION 


9kN 


Froiv, SoJ^iow O’? P/'ola. 8 . 

61 = gG. 5 M Pa = O 

6 * b = 57.0 mp*. t;- 4.4 7 mp«=c 


75 mm 


150 mm 

* = 13 mm 


£L 




61 - MPa. * 43. *5 MPa 

R = MPa * 43.25 MPa 

6*.* ' §1 + R - MPa. -** 

6U - 61 - R - O 

tl>Mc = R * MS. 3 MPa, 



Poi«n*f la 

4.47 

*-5~> 




Sc. * ? *8. 5 MPa 

R + = 30.03 MPa 

61**’ 61 4 R -58.5“ MPa 
6,*;* » 61 - R v - /.53 MPa 
tin, - R = 30.0 MPa. 



PROBLEM 8.62 



8.60 Three steel plates, each 13 mm thick, are welded together to form a cantilever 
beam. Far the loading shown, determine the normal and shearing stresses at points d 
and e. 

8.62 For the beam and loading of Prob. 8. Co, determine the principal stresses and the 
maximum shearing stress at points d and e. 


SOLUTION 


PlTO*^\ oi fVok B.GO 

SI “ 43*2 MPa. Xj- 1. S3 M Pa 


61 - 12.74 MPol 


) 



Te* o 


Po\n - f d 


150 mm 


t — 13 mm 



P <?iw+ e 



<5 C * ^ s mp* 

9- (J.83V = 

6^ * e; + R =• 42.4 MPa — 

- 6c - 1? * -0.14 MPa. 


* 1? - 21.3, MPa 



6" c - . 6. 37 MPa 

R - » 6.3,7 |*,p, 

6U< ’ 5. + 9 “ 12.74 MPa 

6^. ~ Sc - R - O 

R - S.37 MPa 




PROBLEM 8.63 



W8 X 28 


&.63 Two forces are applied to a W8 x 28 rolled-steel beam as shown. Determine foe 
principal stresses, principal planes, and maximum shearing stress at point a. 

SOLUTION 

Fov W 8 * 22 roJjeJ S€c-'f 


A * in. ^ <4- 8.06 bp ~ »V> 

tp 5 0.465#^ t w “ 0. 28S iij £,?■ 98.0 in** 

A 4* "Hie se^iOM C0K>4«MVt<r><j peiVi^S CL <st b, 

^ “ - ^0 ktija-s > V r k.ps 

M - ft<0C*O “ “ 117. S fcr.p. ,*n 


A4 poi4 a j - - tf - ^. 03 - 0.46f r 3 . 52 $“ 


6T - My „ Ho in.^Xs.iT^ 

^ ” A t- ~ TTT * ‘ 


?tf.o 


- - S.6V2 fcs/ 



4.03 - O.tziS r 3. 7f75- 
Af - fc*t f •- (.(>.S3S)(o.mS-) 3.0 3«* ;«*- 

Q,.- A f> y - II.SUO i«‘ 

r- V®* - (.zotn.sio'i 0 . . 

It. (is.otfo.sgs-) * 8 -* e3 



G-6^2 ks» 


8.2CS k%; 



9. = - 34.1° ^ Bt, . ^3. “? * — 

S c - — - — 3.32.1 k 

R ^ <s. 74.3)' = 8.105 It,,- 

S^- 6^ +• R - .fT.^ As ,' — < 

S', - <s; - R - - 12.23 k„- — 


■£**. - t? * ?.*M fcs.' 



PROBLEM 8.64 


8.64 Two forces are applied toa W8 *28 rolled-steel beam as shown. Determine the 
principal stresses, principal planes, and maximum shearing stress at point b. 



W8X2 8 


Af b 


28 SOLUTION 

y 

W £ x 2S section 

x A r 3.2S> ol r #.06 im ^ i>f ~ 6.5*3^ »*i 

tp- O.H6b* iV > t'j'O.ZZSt*) lx = ^8.0 i** 

M secfiovi poi^'f'S <2i b. 

P ^ \J - 20 k»*p* 

- -/I7.3 k; p i*. 

Poi«i b J> l es on fAe neuir&J a #! s of ben«l .'m<j 

* - £ • - - ** * 





PROBLEM 8.65 


8.65 Two forces Pi and P 2 are applied as shown in directions perpendicular to the 
longitudinal axis of a W310 x 60 beam. Knowing that P, = 25 kN and P 2 = 24 kN, 
determine the principal stresses and the maximum shearing stress at point a. 



W310 X 60 


SOLUTION 

At He Section co^tzuVuVt^ port’s d b 
M y * O.S)(2S} - 4 S kkl-w, 

-.(1 .2X3*0 ^ -28.8 M 

Vx - - V* kv \Jj T - zs KM 

Fbtr W 3|0 * GO roJAeA S^eej section 

ul — 303 j - 203 **•> m ^ ip ~ 13. 1 mm ^ iw. r 7. •£" m*v» 

Ij r )$*%*! o* - l8,3^IO Vv\ 


I*r |2<? */O fc v*™*- 129* /o" & 


Wof'Mrft st^ss c-t point Co 


My 




-vV x 





| 

33E* 


1 



1 



1 





0C ~ + 7S r - 26. S ***'» 

‘ I S L £T M>>V) 

MyV _ M y v _ CiS'xio^Y/s/.SMQ* ) 

z " t* Iy ' 13.3* ID- c 

= 5?. 841 MPa.- 4 1 . 7d5" M Pa. - II. HM MPa. 

stl^s poinf 

r> 2 * 

3 I^i* Jxtp 

— > A* r (75*/0~ 4 )(l3.l *fc>' 5 ) r 9S2.SWcf 4 *»' 

3 X- — *" ^ ' *“ 64 Mm 

r 'a - r 1 44 .45" MM 


A* ¥ 
2zc 


4^Z - ~ 


(- 2*t *io a X W. )C- 64 » <0“ 3 ^ _ (-^XW.yWO'QQl^^ 

(|8.3 xR3-‘)(|S.| *Jo-' ) “ (U* *lO" c X 13. | x£0~ t '> 

- 6. 215 MPa. + Z.iol MPa, =- - 4. /88 MPa. 

s„ * T *- sn MP * 

R . J (IL£U) X *&. WY - G.<?70 HP, 


\U44 


4./S8 



e^+ n = 

I2.S4 

MPa 


6w* ’ 

it 

I 

to s 

- 1. 40 

M P* 

- 


9 - 6.<v> 

MPtfc 


— 



PROBLEM 8.66 


8.66 Two forces P x and P 2 are applied as shown in directions perpendicular to the 
lo ngitudinal axis of a W310 x 60 beam. Knowing that P, = 25 kN and P 2 = 24 kN, 
determine the principal stresses and the maximum shearing stress at point b. 



SOLUTION 



W310 X 60 


Ad dke po iV\ ex. \q 

M x - ~ ^ tM-w 

\Aj r * '- 23 . 8 kV-* 

V* = - Vy - -2.SUV 


Fo/- W3IO X Co seoh'o* 

oi 9 So 3 Wim ^ Lf r ZO$ J tf - 13. ) r»\m ^ £w r 7. S **>** 

I y * 1 24xlo‘ - la^xfoV J Ij - |g .Z*lo c , m »? - /8.3*/o‘ 

No Ifwai S+«5S aA poin’t b K« o , J : - jM + tf - - 138. t 

. NkX - Mv* - C4S» _ 

H^TTI °2 - fy 129 v/o' 6 

_ - -¥8.23 MPa. 


Skeair* sfress o."f poi*^ k. 

r„ , -&*1 
3 i, u 

A* * A f * t> f tf " 268 1 ? mw*" 

= ZG58 >■ (o"‘ m' 


l^r X-O, y =- iHH.vr 

V (- ZS*tO i )(Z<.S1 WO- X- -<o'' ) _ * MPa 
x v~ ' ~ 





H8.SS 


* -iV.lt MP* 

r r teste? ~ xa. it 


6^.* 6L.4R - l.*7 MP* — 


6V;~ ’ C* -R - - ^0.3 MPa, 
T_ = R - «. 1 MPo. 



tO. 


r 


PROBLEM 8.67 



8.67 A farce P is applied to a cantilever beam by means of a cable attached to a bolt 
located at the center of the free end of the beam. Knowing that P acts in a direction 
perpendicular to the longitudinal axis of the beam, determine (a) the normal stress at 
point a in terms of P, b, h, l, and ( b ) the values of p for which the normal stress at a 
is zero. 


SOLUTION 


Ik* lj 'Ahk 1 

S' r _ M v (Ul 

ly Ij 

GMx __ 6 M Y 

" bh l hb* 


- P s<n/S 1 - P cos/2 £ ■£ - J k 

* fXp- J) U x(P 8 i^ Z - - Pico»/8 Z •* Pism/S | 

M X r py? =■ Py^ 3 «Vi ^ 



loPicoSi 

bh 1 


^ = T?’[^ - 


ll>) S - o 


g°»jg _ liii? „ 0 

b b 


fi * £ 

0 =- W(£i 




PROBLEM 8.68 


f = 1.25 m 



8.68 A vertical force P is applied at the center of the free end of cantilever beam AB. 
(a) If die beam is installed with the web vertical (fi= 0) and with its longitudinal axis 
AB horizontal, determine the magnitude of the force P for which the normal stress at 
point a is +120 MPa. (6) Solve part a, assuming that the beam is installed with /?= 3°. 

SOLUTION 

For W ZSO * 4 *f. S 'ToXJUA *>XccP sec4 
S x r S$S * lO* - S$S V /0~ C ^ 


W250 X 44.8 


% “ 95 . O * /o* 


- 95.0* /o” 4 *•*' 



AV Sfic.'ft'o., Conj^miVt^ £>. 

M y -- Pi 1 cos /S J - Pi s.i/S 


S+t-tss a 


A ]$<,«> JMe L,Jt 

Cal /S = o fiw - 

(bl /3 ■ 3“ P.* * 


P i c ss /S Pi S1V1 

S, Sf 

-I- 1 


p ,, ^ [ .9f»A + 

l l Sj J 

f_! + ol’ 1 = si.h*/o 3 N —i 

1 .2S l £35 */£>'* J 
)2t>xl0 4 f cos 3° . si* 3° _ 2.^7 Uk) 

i.** - i^io- + J ’ ^ 


ISOx IQ 4 
1.2* 


- 3^7 /cAJ 



PROBLEM 8.69 



*8.69 A 500-lb force P is applied to a wire that is wrapped around the bar AB as 
shown. Knowing that the cross section of the bar is a square of side d - 0.75 in., 
determine the principal stresses and foe maximum shearing stress at point a. 


SOLUTION 


Bending - ‘Poin't q. o" 4*k« \neo-\-wJ ex-tcfe. 


To^i 


on 


r * 


- T 


C,Qk>' 


S'- o 

A 


w he*e 


CL - l=> r cl 
C f r O. ZO& -Po<' s a. s tjjas* secVi©* r >. 


S/nce T “ - — — - 2 <404 — 

sU«*: V “ ”P t - j-fr’ * /-5^ 

Os;^ soptsfoirtio* : 3.904 £ » 3.9*9 ( §~ji = ZH7o e ±; 


CL 


* 3 170 


SHlO 


~ ~ 3*/ 7o psi 
* 347o psr 



PROBLEM 8.70 


20 kN 


6 mm 



*8-70 A vertical 20-kN force is applied to end A of the bar AJB, which is welded to an 
extruded aluminum tube. Knowing that the tube has a uniform wall thickness of 6 mm , 
determine the shearing stress at points a, b, and c. 

SOLUTION 


50 mm 


X ~ •^(so^loo') 3 - ii(38XS2‘) 3 - 'Z.OOSJxio* - Z.00%1 * lo c 

Tortio* ? T - (*O*|©*)(30 + 2S)0o l ) * Z\0 O ¥» 

d - r 4.1 36 x /o* wm 1 ' 4. 136 x/cf 4 *^ 

For points b, C 

^ iTa T (.7'i(6*(o- s x i <.i3^wo- i ) " 4? - 31 Mp0, 

Tr«.w5 u»erse : V r 70*10* N 

Point O'" 0*1 sytys^ahry IS 'X - O 

po.ot b a* (xsx*x<r? , > 

r 7. OS v l ****i S “ 7 .£>£* lO 

>“ 4 ) 




“T 

*n 


P>iv»t a 




VQ, _ a0Tr/O»yZ0^^IO__j. 

L " 1 1 “ (2.0oS7*/o'‘X6 * /o' 5 ) 

- n.7o MPa 

Q a ^ Qj, 4- (g)OwXbO - 

- J^. 8-58 * /o' c h** 


skea<fvn^ S'iwsS * 


v r V-SS- 1 

r It 

(2.00&1 "tcr'-fa* to‘ l ) 

- XI 

.34 

'powt 0, 

r - «.si - o 

4X.S 

MPa 

P*i*t b 

r = 43.31 - 11-70 r 

2*0.6 

MPa 

C 

X r 42.31- 21 . 34 - 

XI. o 

MP* 



PROBLEM 8.71 


*8.70 A vertical 20-kN force is applied to end A of the bar AS, which is welded to an 
extruded aluminum tube. Knowing that the tube has a uniform wall thickness of 6 nun, 
determine the shearing stress at points a, b, and c. 


‘8° mm 25 mm 


y™ 


*8.71 For the tube and loading of Prob. 8.70, determine the principal stresses and the 
maximum shearing stress at point b. 

SOLUTION 


100 mm 


150 mm 


M = (2o*(o % }(iso><fo s ) - Sooo 

I - ^•(SoYlOO^- 7^(3g)(88) S “ 2.00S7*/0 4 w,** 


- ZOO&7xlO‘* wx* 


S' -= ^ - (30°^ »«>-*) r ^ 7 Mp 
I 2.ooS 7*/o-‘ b 


orsiow - 


T - (lo x/o i )C 8o+*sYlcf 4 ^ - kloofs)-** 


CL' 7 L i. 136 *lo* to* r vS 


2)00 


Zt a ' (aX6»l©’*)CHJS6x/o-») 


42.3/ M Pa 



TVcmas ve^se 



sheaf • V * 20K/O* N 
a^(5o)(^Y^7W IH.Ixlo'** * 

I t (?.0087»cto' 4 X^>*IO- s J “ lltl ° hP * 



sKeA<rin-j stress ^ “ 47.31 - I / * 7o “ 3*. 6' MP* 




PROBLEM 8.72 



*& 72 Knowing that the structural tube shown has a uniform wall thickness of 0.3 in., 
determine the principal stresses, principal planes, and maximum shearing stress at (a) 
point H, (b) point K. 

SOLUTION 

A! He S etlt'on ■poi «4s H K 

v * <? k.’ps M -t c t) 0 °) - 10 k: f J. it. 

T - ( 4 X 3 - o. (s') • O.S. CS k.p- m 


"To^ior* • 

0 . -{S.l) (.%.!') - 21 . 0 H ■ 


IFa 1 * 2 - 0 * 7 ^ 

TV*a»o s vev'se loect*' * 

H 

Q h = o 

Q k - (3X2'>0'1 - (2.?Yi.tXo.8s'> Kl _| 

- ■z.oiss in 1 

I - - 14,313? 




7h - ° " It ' (l4.3l32.yo.3) ' ks ' 

<r H ’ 3 firSTTX ; ^ SV - o 


VO« 


M ?oi^ H .* 


I2.S76 kv 


2.017 kv 


er c = lz ^ 16 = cm kv 
R '/W + ( 2 .ol 7 ) 1 - 6.607 ksi 

6T„^- si* R - K*1 

S«,- h ' 6;- £ * - °-22 ksi 

- 0 . 322 H e r ' - 8 .S% 81 . 1 ' 

^ » (? ~ 6.6/ k**' 


(b) Pom - ! K 


K 


fr" O Y** 2.027 * 4.34$ * £.425 ks; 

&**«,• £.43 kv»‘ 

- - G.4S kv 

G P - ± 4<T° 


tM-Mf 


£.43 W*.‘ 




PROBLEM 8.73 


2.2 kN/m 



V(kW') 



13.02 

-2C.«»8 



M 


go. 86 S' 



^ Krowmg that cr^ 1 65 MPa and r^- 100 MPa, select the most economical 
wtde-nange shape that should be used to support the loading shown, (b) Determine 

ex Pectedfor a m> r and the principal stress cw* at the junction of 
a flange and the web of the selected beam. 

+ T M t = o 

-1.Z R, + C?. 2X7.3 Ys.O + (4o"X?.7) * O 

R* - 22.72 IfW 

v, - r a = 22 . 1 a h; 

V*'- 22.72 -(2.2>(7.s) -- 13.02 kW 

V 6 * - 13.02. -40 - -2 £.42 lew 

V c - -2£.18-(?.a)0.7)r -32. 72. kW 

M* = O 

M a = O + £(2 2.72+ 13.02 - 80. 865" kM-*. 

M t - O 


_ IMU g6.g65»/Q* . , 

i5 "“' n 6 Lk " /C5 » /o‘ * 4,0 * 10 •" 

~ Hlo v/o' 


5K«kpc 

3(l^ Mm 5 ) 

W 3 6©*3<* 

578 

W 3|o x 38.7 


W Z&OMHH.S 

535 

W 2oo v 52 

Si 2 


7*j W 3/Ov38.7 

d ~ 3 l C> m»M 
t»v — >5*. S tvjnn 


t* - 7.7 


<r . _Mb__ 80.86r></0* 

S -' fflwWt * /47 '^ 


" 5 S^v/cr* — 

r - !y)~» _ 32.72 X/O 3 , 0 _, ._ 

^ ‘ Jtv, * (3toVio- l )(I?»lo L 'l = ’ 8 - 3< MPa - “** 

C » i J- 7SS" y>* C - tf * I55-- 7.7 ? I7S-.X m« 

^k ; ^ S’* ■ (■ i ^Xw.2'> * (38.1 MPa 

a+. p.M-f 8 - >.78 v/o^ — , ^ 0 

r «fiw Csiax|o-»X5-.8x/o->) m 

R ' (%)*" + tc" = \f{6f.as ) t +(lS.O'|* s 70.66 MPa 

6^^. = ^ + R ■= 6?.05 + 70.66 =■ (3^.7 MPa. — • 



PROBLEM 8.74 


8.74 Knowing that the shear and bending moment in a given section of a W2 1 * 101 
rolled-steel beam are, respectively, 120 kips and 300 kip * ft, determine the values 
in that section of (a) the maximum normal stress a m , (b) the principal stress at 
the junction of a flange and the web. 


SOLUTION 


M ~ 3oo fc.p -ff ~ 3&oo k'f> 


\J - l2o /ops. 


F or W 2.1 * lO I stape 


cl - 2I-3C m be - 1 2.2*0 = O.Boo i«. 


t w - O.Soo J li 3 2^20 i^ 4 ^ S* - 22"7 ^ C = ^cJ~ I0.6S.A 


, . r'i 

CcO 6*. - -g- - 


34oo 


- /.5. SG ksi 


- C - tf - *t .% s 

r 14.G7 ks; 7 336 

A f - bftj. - 1 .S 32 . J - » (c+y* l* io.hs 


Q. - Aj 


01.01 


v , VO , (^oK iqLQZl = ioo *4 k*i 
(2 1 ! 2oyo.Soo ) 


R - V(# )" + r ^ 


f 7. 334 4 f lo.OZ^ - 


S 4- R - 7.334+ ID.V21 r 1^.76 k5i‘ 





PROBLEM 8.76 



8. 76 The two 500-lb forces are vertical and the force P is parallel to the z axis. 
Knowing that = 8 ksi, determine the smallest permissible diameter of the solid 
shaft AE. 

SOLUTION 

IM x = o C+XS&o' "1“ GP + bXsoo) - O 

Tov-<yoes * 


& 


? 

- G&6.G7 Jk 

AS* 

T - o 

BC* 

T - -(4X560^ * 

Ct>'. 

T “ (fftCsao} * 

DC-* 

T - 0 

e^4 i 

caP p Pck w e 
c * 5 


| soo fSoo SCO j Soo 


ponces jh UoriZonf* J 



Cr'iViCA^P see4»t>*s ei of 

<J«»k C 

T- 2 ooo .v> A. M 2 * Ssoo ,v> A 
Mj = 4667 A 


tu- jJW l 

J_ _ x r s . i^HKIZzLr V4667*-* &SOO l + 2ooo~ _ 0.77083 m 


C - 0.729 m 


2^ 2 » to* 

o! =■ 2c * (.578 m. 


PROBLEM 8.77 



8.77 The solid shafts rotates at 600 rpm and transmits 60 hp from the motor M to 
machine tools connected to gears G and H. Knowing that = 8 ksi and that 40 hp 
is taken off at gear G and 20 hp is taken off at gear H, determine the smallest 
permissible diameter of shaft AE. 

SOLUTION 


Go hp - (£o)CU6cO 

=■ 37 £*/0 3 in- A /sec 


- Goo 


- 10 Mz 





Tor^oe. on Ota/ 3 
-p _ _P_ _ 3^v/o 3 

' 2Tl(»o) 

r GZOZ.S 

*Td>ir«^4>cs on C o**id T> 

"Tc “ ito ~T~q 7 H2 01 . 7 in • JU. 
T d - "Tq - X i oo . 8 in • Jl$. 


Forces in pAwe. 


* 1 ft 

lfcia.7 
mo. 9 v 


lOSto.M 437.7 
^127.3 i»-tl 


SUf* +* 

v«aoe s 




A3: 

T* - 

o 



ec 

T», - 

6302.5 

tn -Jb 


Cd: 

Tc„ - 

2.100. g 

in Jit 


DF ■* 

T„ - 

O 



G-eav' -Pdi^ccs 




F e - 

J_S_ - 

fit 

(6302.5 

3 

2100.8 

A. 

F t - 

£ = . 
F c 

4201.7 

1 o50. H 

A 


Fo = 5“ - ai u tf,g = iT2S\ 2 A. 


A+ B H 


M/ + + T 1 


Fp^ces 1 i vi pj{ 

MM it\ oo.* , 


*,4 

S&.l *»3^ 



3*?87. X 


GN77.C. 


G i f77.6 t 4 
= 93g^ ,vA 

* A+ C~ V M a * + M/ 4 T 1 

- -Jen 7. 3 z + 3ssrx * TTs^T* 

= <7475* iv\'Jk s V<*0 ") 

J(/tV + »y + T* U 

t : i c ! , (VM7±BZ+r)- w _ . .. . . 

c * 'Lm ' 8*/o* - L,8e8 ,n 

C = 0.91/ in ol “ 2C * /.822 iVt. — < 





PROBLEM 8.79 



Dimensions in mm 



8.79 Several forces are applied to the pipe assembly shown. Knowing that each 
section of pipe has inner and outer diameters respectively equal to 36 mm and 42 mm, 
determine the normal and shearing stresses at point H located at the top of die outer 
surface of the pipe. 

SOLUTION 

A-f +)« £»ec"ft'©vi C.O>4 *.t> l r\*\ poi*"f H 

F - o > V* = loo H 

M y =-(.0.450 so') - - £7. 5 hi*iv> 

~ (o.JtSo X. ,0 ° ^ ~ ^ I)'*” 

^ - (O.TZ5)(lOo ) - - 7.1.S M* v* 

ZSV-r\h 


$ : ° 


61.5 



cf o " 42. knno di ~ 32. 
Co - £1 - IS 

t ~ C 0 - Cl - 3 


.-t s 
m 


22. 5T A/ m 

A . ir ( C. 1 - c/ ) = 3C7.4T7 «« = SG7.S7 *!& 

X* fCcj'-Ci) ’ 7o.3o * /o 3 - 70.3o«/o 1 vT= 2 J= IHo.S1*(o m 

For kit- pipe Q. r § (c. S - Q 3 ^ r ►>« 1 l.X$C*l6‘~ 3 


£)ue +o 
D^e "f* sVveet^ 1 
Net 


PVV - (-(>7.5 )(21»/o"V) = _ £0. ^ MPa. 

I* lb-3o v icri 

Te (asoi.ip = 3.36 

^ LmJ T .T 140.^ x )0‘ n 


MPa 


J \H0*S1 * )0* 

fr x - va , £i,ooYl.X<T6»)gO , 0.^4 MP* 

-T, r 3.36 - O.SH - Mp*- 



20. 1H Pa 

MP* 




PROBLEM 8.81 

6 in. 


8.81 Knowing that the structural tube shown has a uniform wall thickness of 0.25 in. 
determine the normal and shearing stresses at the three points indicated. 


600 lb 



5 in. 


20 in. 




Co k.y- »'* T "* W.’p-jn 


I* r - Whi'l r 

stresses 

^ r M 2 * 2 


lx 


s “trusses 
Direct •** »f ST*e sses 


c 


- C (V\. 


*4 0 o - 2 t = 5.5 

f> 


Vl 0 “ Sin. 


- Vi 0 - 2 t * 7.5 

6.333S in'* 

I 2 - 13 fob* 

- Vl;t') - n. 33 gs- 

(.<*) 

CCo)C- 3 .). 

M0 5C1.S-) 


- 16.41 k si' 

w.zzss 

C .^85 


w 

(6o)(-?.7S) 
17. 338 5 

( 30 ) 0.51 

6.3385 

r 

- 15.63 ks<* 

(c.) 

(6o)(o) 

( 30 ) 6 . 5 ) 



- 7 .lo ks? 

17. 3385 

6.3385 


(a.) 

Point" Q. i s 

&y\ ojH t’ole 

Co^e/'J = 0 


13 



Due to V* 


At point U 


il2.WS 

Q xy *it£X0.1S\Cz.f7S}'*I.Om i/ 

Y s,- - oj.6C1<cst 

*VV' I x t ‘(1^.3385-^5) 


H 


KLjc£ 


u Kf* y 

'■Z 

At i 


Doe +© V z 


l.MS 


At pain"! C 


Q«- Qft-t- CMS'-Xo.aOftP) 

- 2.023tf »'*» 3 

r _ MQk. (3)0.073*1 . , ^|< s ; 
* Vt ~ 0**3W)(p.2F} 


Q*b ” U.7^’)(0,X5-)(LV5') * O.W5 in’* 

^ _ Vz Q»_ _ f 1.0(0^*531 r G7I / u.,- 

At point C (cjK«*4>y **»* ^ 

Tc^x - O 


Net &ke«^Cn^ si 4 potVfe i, £. 
0.716- O.COT - O.OH7 W — 

1.756 Us.' ^ 




PROBLEM 8.82 


50 mm 
50 mm 



75 mm 
'X 75 mm 


375 mm M 


1 70 M 

25kVI 


8.82 For the post and loading shown, determine the principal stresses, principal planes, 
and maximum shearing stress at point H. 

SOLUTION 

C<?»* porters o'P ■Po/'-ce ai p of* 4 C. 

F* * So cos 30° = 43.301 kW 

F* r -50 - -2S kVJ ; Fj » - UO kw 

Scc-W©** -Po^cgs coopAs <s^f i“Ae 
Co^4fiuV>i^^f poir\4& M K. 

p t 1 5o kU ) 

V y r 43.3ol kW Vi - -ZS UhJ 

My 5 -UsXo.STS*) ' - 9. 375" JcM-nn 
- O 

H 2 t -(43.301 )(0.375“)- - 16.233 JcKNm 


4373o| IcW 


Forces 




Coop As 


K.233 


f\ - OooKl^O) * IS * lo' 


- IS *lO“* «** 


Xt* £ (iSoYtoo? r >2.5x/o c wm 


S+r«s« <ci p°i«i H = I*- 5 x /0 “ m * 

,_ _ P M*£ _ flao-to^; (- ^.37 5-»io , )Ca>»to-*) _ 29 c- 

Mt ‘ "F * /‘Tx/o-A I^.S" */0" 4 


IS X lO’ A 


Y - £ y*. - £ 43.3Q1X/Q 3 _. 
L H ' 2 f\ 2 K*JrT s 


15 * /O' 


1 « 


21.S MPa 


4.33 MPa 


(Ux/o-‘ 

4.23 MPa 


61 r - *4.75“ MPa 


R - U V t') 1 '- 4 - 33 


I.S.37 MP« 



6X - <5 C + R - 30.1 MP« 

6i, * S. - R - - 0.6? MP« 
W 2© P - * - o. *■»*& 

e a = - g.r a** si- »* 

7L » 1? r IS. 37 MPa. 




„ 50 mm 
50 mm 


375 mm 



8.83 For the post and loading shown, determine the principal stresses, principal planes, 
and maximum shearing stress at point K. 

SOLUTION 

Coi~\f>t>nen 4s of •fo/'ce aA potV\4 C. 

F* T So 36“ r 43.3ol wu 

F. - -So 3o“ = - Z5 ^ t - IZO UM 

StcAio* forces c oopies He scofi o* 

C©*4«w ru*ej potVH H and K. 

P - I Ho U OVA ) 

Vx - 43.301 kM, V z r -zs irbJ 
My' -C?5')Co.37S-) - -7.37 S kti-v* 

= O 

M a * - (43.301 )(0.37S) - - I&.233 HJ* ^ 


<?.375kV).* is.^sg la).*, 



Coop/es 


A - (loo')(l5o') - IS * lo 3 vv,^ z 

- 15 X/O -3 * K*n a 

I 2 - (looX/sb)* r zs.nsxfc* 

= 33.I3S x /O - ** 


i 

S+wses <xA ~p©>*4 K 

s* . - £ 4 II* , - i 30 *' 0 * +. (- 16.^8- to-)(7^o') 3 

* A i x ISV/O-* 28. l2Sx/o- c * ra 

2.5 MPa. 


'V _ ^ Vz _ 3 35*10* 
k x A ' ^ is’vlo" 3, 

I 51.3 MPa. 

2.5 MPa 



S'c T i$K 31 - ZS.QS MPo 
R * 7 (Spy 4 fe sY" * 3.5 . 77 MP« 
6 ^ - 6* 6 + £ * 0./2 MPa 
6; * 6 C - R “ - 57. 4 MPa 


r 

©a.’ 2.8* 


- 0.0*747 
©fc* 93.8" 


x R - 25\2 MP* 



PROBLEM 8.84 



8-84 Forces are applied at points A and B of the solid cast-iron bracket shown. 
Knowing that the bracket has a diameter of 0. tin., determine die principal stresses and 
the maximum shearing stress (a) at point H, ( b ) at point K. 

SOLUTION 

AV fke scenic* * c.o*n*f« H <xa\<A K 

P - ZSoo (c io* ^ 


* -&O0 ilo 


v/« = o 


2$oo Jb. 



ISOO Jb- in 


coot b. 
Porces 


Hv - (3.5 - I ‘ 1500 

Mj “ O - - (a. 5X6oo^) = - !5oO ik* 

C * * O.y ,‘n 


A - TTC* - 0 . 5 o 2 G 6 ~ im 4, 

I = r 50. 1 06 * io" % \v\ 4 

J * 7,1 * L i0.Zi'X*lo S /V 


1500 it* in 


Copies 


— For s ^; c.w A a - K 7 

a> A* Ht a - f . >p . -|fffe* * »»>»• r~ 

T. ' r f" 

_» 14.1* k./ <?„. * k*r 

-^4[h| * R r J(W + = 11.4*3 kv- 

y | 2¥-87 ksr ^ v v A 

6w* - ^ r ^ ‘ 

6U.V, •«-*-« * - 6 -™** 1 ' 

- i ( 5— - £•>- ) = 1 9. « k*.- 

Ch'i At poiV>+ K: 6; - = ~ o.sozis " ~ l +- c,7 ‘l* 10 p*‘ 

V li.va. (Igoo Ko. it (6 00 )(4;.^7»^:D r i 6 .5i2»/o s P ,< 

^ ~ J + It HO-Stt-tCT* (SO.fOC -tO'* K^-S) r 


>* m* 


2*.S7 tei’ 


IC..5I2 Its; 


M.TIH ks.* 


S^« * - = - Z. H 8 7 ks, 

R ^J(-±fty .(14.5/Z) 1 - * (6,613 (<»,' 

6— « - S - ^ + £ - M.*l k*.- 

6U. '6U-R'- -H.I8 k-s^ 


"T1+"**. ~ (£*•»** — Sl»,v ^ *■ I S.?o ksi 


PROBLEM 8.C1 


8.C1 Let us assume that the shear V and the bending moment M have 
been determined in a given section of a rolled-steel beam. Write a computer 
program to calculate in that section, from the data available in Appendix C, (a) 
the maximum normal stress <7 m , (b) the principal stress o- max at the junction of 
a flange and the web. Use this program to solve parts a and b of the following 
problems: 

(1) Prob. 8.1 (Use V — 400 kN and M - 100 kN • m) 

(2) Prob. 8.2 (Use V ~ 200 kN and M — 100 kN • m) 

(3) Prob. 8.3 (Use V = 320 kips and M = 32 X 10 3 kip • in.) 

(4) Prob. 8.74. 

SOLUTION 



Given Data: 

V = 400 kN, M = 100 kN.m 
d = 252 mm, bf = 203 mm 
tf = 13.5 mm, tw = 8 . 6 mm 

I = 87.30 (10~6 mtlT4) 

S = 693.0 (10~3 mm~3 ) 

Answers : 

(a) SIGA = 144.3 MPa 

(b) SIGM = 250.1 MPa 


Given Data: 

V = 200 kN, M = 100 kN.m 
d = 252 mm, bf = 203 mm 
tf = 13.5 mm, tw =‘ 8.6 mm 
I = 87.30 (lO'' 6 mm - ' 4 ) 

S = 693.0 d0~3 mm~3) 

Answers : 

(a) SIGA = 144.3 MPa 

(b) SIGM = 172.7 MPa 


Prob. 8.3 
Given Data: 

V = 320 kips, M = 32000 kip. in 
d = 36.74 in., bf = 16.655 in. 
tf = 1.680 in., tw = 0.945 in. 
I = 20300 in~4 , S = 1110 in"3 
Answers : 

(a) SIGA =28.8 ksi 

(b) SIGM =28.5 ksi 


Prob. 8.74 
Given Data: 

V = 120 kips, M = 3600 kip . in 

d = 21.36 in., bf = 12.290 in. 
tf = 0.800 in., tw = 0.500 in. 
I = 2420 in'd, S = 227 in~3 

Answers : 

(a) SIGA = 15.86 ksi 

(b) SIGM = 19.76 ksi 





PROBLEM 8.C2 



n 

u 

n 

i 









8.C2 A cantilever beam AB with a rectangular cross section of width b 
and depth 2c supports a single concentrated load P at its end A. Write a com- 
puter program to calculate, for any values of x/c and y/c, (a) the ratios <r max /<7 m 
and where and are the principal stresses at point K(x, y) and 

a m the maximum normal stress in the same transverse section, ( b ) the angle d p 
that the principal planes at K form with a transverse and a horizontal plane through 
K. Use this program to check the values shown in Fig. 8.8 and to verify that tr^ 
exceeds <r m if x ^ 0.544c, as indicated in the second footnote on page 499. 

SOLUTION 

Sttfce fke di$iribofw" of -the normal 3 fre sxs 

IS linear, we/jav e O E Q' m (fy/c) (') 

t/hert Q - Ale _ Pzc 
m ’ I 1 

We 05 e Eg ■ (&P')) po^e k r i8 '• ~ jr ^ ( 1 ~ ^ 

DiVidOtv (3) b<i 3 2. fy/ c ) 

• a Y r 







( 2 ) 

(a) 


r> 

o, 


Z A Xc 


br, 


/ 

■z 


Hi/3 


■ I - &£(*<? - ±C Si- _ y 

' A ' b(2c) $ ’ Cjr, Z VC 

Lethos X - V c atJ £p (0 <*■”*> (*+) / ff 

C y r- C JxjO- 
•* Y ” zx ; 

(JfriQ Mohr'} circle, (ye calculate. 

r - {TXf *■ rS 


(X) 





py'HPT 


0, 


MAX 


9,. _ 2 


r ±Y+K 


Cl 


'/n 


/a*2ft, = J£ - t-Y* - - AT 

r ©/* ' ZXftfa) x/ 

NOTE 


'(yu* i - — y— R 

' z 

ecLt 0 x'(±_ 

P Z [ XY 




iSr ^ > < 9 , /'Ae an^)e. $p /$ opj>o5i~fc ~fo 

\,/as arbitrarily asso med in FiQ.P8 t C2 x 


(CONTINUED) 



PROBLEM 8.C2 CONTINUED 

PR OG-RflM 


For 

x/c = 2 : 



For x/c = 8 : 


y/c 

Sigmin/Sigm 

Sigmax/Sigm 

Theta y 

y/c Sigmin/Sigm Sigmax/Sigrr 

Theta ^ 

1 o 

0 . 000 

1.000 

0.00 

1.0 0.000 1.000 

0.00 

n a 

-0 . 010 

0.810 

6.34 

0.8 -0.001 0.801 

1 . 61 

n a 

-0 . 040 

0.640 

14.04 

0.6 -0.003 0.603 

3.80 


-0 . 090 

0.490 

23.20 

0.4 -0.007 0.407 

7 . 35 


-0 . 160 

0.360 

33.69 

0.2 -0.017 0.217 

15 .48 


-0 . 250 

0.250 

45.00 

0.0 -0.062 0.063 

45 . 00 

-n 2 

-0 . 360 

0.160 

-33.69 

-0.2 -0.217 0.017 

-15.48 

-n 4 

-0.490 

0.090 

-23.20 

-0.4 -0.407 0.007 

-7.35 

- 0 6 

-0 . 640 

0.040 

-14 . 04 

-0.6 -0.603 0.003 

-3.80 

-0 8 

-0 . 810 

0.010 

-6 . 34 

-0.8 -0.801 0.001 

-1.61 

-1.0 

-1.000 

0 . 000 

-0.00 

-1.0 -1.000 0.000 

-0.00 

To 

cheek that 


Si 

5 v? ri/n T e 

\j) CO ^ CAW 


Vc - O.sti and for x/ c 

- O.TfS ant observe 

that 

°'m?/ (r n , exceeds 1 for 

Several Vo 1 OeS of q/c the 

f/>5 f 

ea.se, {mi does not e/ceed 1 in 

fht 5e.e ond Case ■ 




For x/c = 0 

544 : 





y/c Sigmin/Sigm Sigmax/Sigm Theta *) 




0.30 

-0.700 

0.9997 39.92 




0.31 

-0.690 

1.0001 39.72 




0.32 

-0.680 

1.0004 39.51 




0.33 

-0.670 

1.0005 39.30 




0.34 

-0.660 

1.0005 39.09 




0.35 

-0.650 

1.0003 38.88 




0.36 

-0.640 

1.0000 38.66 




0.37 

-0.630 

0.9996 38.44 




0.38 

-0.619 

0.9990 38.21 




0.39 

-0.608 

0.9983 37.98 




0.40 

-0.598 

0.9975 37.74 




For x/c * 0.545 : 





y/c 

Sigmin/Sigm Sigmax/Sigm Theta^ 




0.30 

-0 . 698 

0.9982 39.91 




0.31 

-0.689 

0.9986 39.71 




0.32 

-0.679 

0 . 9989 39 . 50 




0.33 

-0.669 

0.9990 39.29 




0.34 

-0.659 

0.9990 39.08 




0.35 

-0.649 

0.9988 38.87 




0.36 

-0.639 

0.9986 38.65 




0.37 

-0.628 

0.9982 38.42 




0.38 

-0.618 

0.9976 38.20 




0.39 

-0.607 

0.9970 37.96 




0.40 

-0.596 

0.9962 37.73 





PROBLEM 8.C3 



8.C3 Disks D„ D 2 , . . . , D n are attached as shown in Fig. P8.C3 to the 
solid shaft AB of length L, uniform diameter d, and allowable shearing stress 
Tall . Forces P„ P 2 , . . . , P„ of known magnitude (except for one of them) are ap- 
plied to the disks, either at the top or bottom of a vertical diameter, or at the left 
or right end of a horizontal diameter. Denoting by r, the radius of disk D, and 
by c, its distance from the support at A, write a computer program to calculate 
(a) the magnitude of the unknown force P„ (b) the smallest permissible value 
of the diameter d of shaft AB. Use this program to solve Probs. 8.75 and 8.76. 


SOLUTION 


o / 


/, Determine A e u^K^owjn -force 7^ ~fo s?erc) 

{h<? st; in [ f Hictr forces J~£ aboOt i he Z&xis^ 

Z, Dz f^rtn i f!r\t Component's ^ all fort-Gs* 

3, Determine fh-e components A, of react ft n at f\ 

by 5 011 l M moments a boob et/f $ d r)d B Aj * ^ ! 

Z%,= 0: - ^L-U^)-(L-c l )rQ 3 

2 '^,^.' A t l +Z(F t ).(L-c;)^ 6 , = ‘-LZ(F t ) { ( L~c L ) 

h. Determine (Mu). torpt T t just to the /eft 

a f d isk T>i : L 

(Ml)! = f (%<Ci- c A>' 

1 i ~ f < C l ~ >° 

\yk?re < > indicates a singularity function. 

r, The fh\n\ mutrj ..diameter ot reovo-ed to the, left of Q ^ 
obtained by first c om j pot i Qg fJ/c\ from £y* (8, 7)’- 


±\ _ ^^( 4 ^ 

C 1 ^ Vail 


(CONTINUED) 




PROBLEM 8.C3 CONTINUED 


Q R&.C Ailing ihat > 'f'hvb, ‘fhti.tT “■ jr 

“ k< * c i -- # f£T w d i r fayf 1 -* 

/ ^'5 /■# rzcjoired diameter Just f D -file left of disk 2); 

7, The required diameter Jvs>f to the fi^kt of di'sk T>,‘ I -r 
tobtfiihed toy replacing J- L With 7] f/ In' the aboil computation. 

,6. The smallest perrr)iSi,ible Valve ok the. diameter of the 
^haft is "Wie largest of if* values obtained/ -for d* 

L> 

fP\ 0Gdf\f\ OUTPUTS 


Prob. 8.75 

Length of shaft = 300 mm 

TAU =60 MPa 

For Disk 1 

Force= 6.000 kN 

Radius of disk = 75 mm 

Distance from A in mm = 80 

For Disk 2 

Force= 0.000 kN 

Radius of disk = 60 mm 

Distance from A in mm = 180 

Unknown force = -7.500 kN 

AY= 4.400 kN, AZ= -3.000 kN 

BY= 1.600 kN, BZ= -4.500 kN 

Just to the left of Disk 1 

MY =-240 .00 Nm 

MZ=-352 . 00 Nm 

T= 0.00 Nm 

Diameter must be at least 33.07 mm 
Just to the right of Disk 1 
T= 450.00 Nm 

Diameter must be at least 37.47 mm 
Just to the left of Disk 2 
MY=-540 . 00 Nm 
MZ=-192 . 00 Nm 
T= 450.00 Nm 

Diameter must be at least 39.55 mm 
Just to the right of Disk 2 
T= 0.00 Nm 

Diameter must be at least 36.51 mm 


37.47 mm 


39.55 mm 


Prob. 8.76 

Length of shaft= 28 in. 

TAU (ksi) = 8 

For Disk 1 

Force = 0.500 kips 

Radius of disk = 4.0 in. 

Distance from A= 7.0 in. 

For Disk 2 

Force = 0.000 kips 

Radius of disk = 6.0 in. 

Distance from A= 14.0 in. 

For Disk 3 

Force = 0.500 kips 

Radius of disk = 4.0 in. 

Distance from A= 21.0 in. 

Unknown force= -0.667 kips 
AY= 0.500 kips, AZ= 0.333 kips 
BY= 0.500 kips, BZ= 0.333 kips 
Just to the left of Disk 1 
MY= 2.3333 kip. in. 

MZ= -3.5000 kip. in. 

T= 0.0000 kip. in. 

Diameter must be at least 1.389 in. 
Just to the right of Disk 1 
T= 2.00 kip. in. 

Diameter must be at least 1.437 in. 
Just to the left of Disk 2 
MY= 4.6667 kip. in. 

MZ= -3.5000 kip. in. 

T= 2.0000 kip. in. 

Diameter must be at least 1.578 in. 
Just to the right of Disk 2 
T= -2.00 kip. in. 

Diameter must be at least 1.578 in. 
Just to the left of Disk 3 
MY= 2.3333 kip. in. 

MZ= -3.5000 kip. in. 

T= -2.0000 kip. in. 

Diameter must be at least 1.437 in. 
Just to the right of Disk 3 « 

T= 0.00 kip. in. 

Diameter must be at least 1.389 in. 


1.437 in. 


1.578 in. 


1.578 in. 


1.437 in, 




PROBLEM 8.C4 



8.C4 The solid shaft AB of length L, uniform diameter d, and allowable 
shearing stress t m rotates at a given speed expressed in rpm (Fig. P8.C4). Gears 
G|, G 2 , . . ■ , G„ are attached to the shaft and each of these gears meshes with 
another gear (not shown), either at the top or bottom of its vertical diameter, 
or at the left or right end of its horizontal diameter. One of these other gears 
is connected to a motor and the rest of them to various machine tools. Denot- 
ing by r t the radius of gear G i( by q its distance from the support at A, and by 
Pi the power transmitted to that gear (+ sign) or taken off that gear (- sign), 
write a computer program to calculate the smallest permissible value of the di- 
ameter d of shaft AB. Use this program to solve Probs. 8.25, 8.29, and 8.77. 


SOLUTION 


1, £>? ter oO in rpn'] and determine freyueny j 1 - oO/£ c) • 

2 . For Gael) gear, determine The. foryue r F>- J ZTT £ 
where. p f is the pov/tr input (t) or ouip\ fbeg-ear. 

For each g eacj determine i he force. F - T [ / ex e rfe</ 

On The gear and its Components (/^)* cuwt (F ) . . 

Determine Fine covripo nents A tj Cwid Fg of ireact'on at A 

by mome^-hs about Bz'/z and \ 

2‘V 0; -fljl- 'Ztf 3 \a-c;):O t Aj, ■ -i J(ft. (L-c.) 

i >\ -~D : (L-c. ■) --0, A, -- - j. 1 (ft. (L -c,. ) 

5 • Determine (A^)^ 3 ? and torooe T t Jvst % the feit 

of g ear Qi ; 

(M A *t c l i -J ( - F A <c i -c * > ' 

(M t ) 

T , - f 

k 

\\/V\ert > indicates <x ^m^olaritj function, 

(CONTINUED) 



PROBLEM 8.C4 CONTINUED 


£ t The m)n\vYn;yrt of\a(y^fer d rejoired tu fir j^i't of <J' L is 
Ofo+<ali/eff fey -f-irz~t cowi-p o-f{n^ [J/C^l E<j • ( 


(2_\ 

[c 1 ~ ?all 


T ? 

b 


7 Kneeling iUt ft C ¥ and,th^,7har ( /) - f " i 

,* W c., *(!')» 

c *rr V c /• 


d. - ± (T-'/ 3 

L rr K C J L 


/h‘*> /'< the reyvirpj d i<Z/vfeierjtjs J r to the left o L <Tt»r 
5. 7/ie recjvird diameter j u^t to fhz rt^fat $ f pear (r L is 
obtained 6j f'gp/act'o'j’ T w/f/i77 +( in the abott cmnf Ration . 

9. I he smallest permissible Vatiect the diameter of 
•S^KfY is tl/e larg est <af the Values obtained for d-£ • 

PROGRAM OUTPUTS 


Prob. 8.25 

Omega = 600 rpm 

Number of Gears : 2 

Length of shaft = 400 mm 

Tau » 60 MPa 

For Gear 1 

Power input = 80.00 kW 

Radius of gear= 80 mm 
Distance from A in mm = 120 
For Gear 2 

Power input = -80.00 kW 
Radius of gear= 60 mm 
Distance from A in mm = 280 
AY= 11.141 kN, AZ= 6.366 
BY= 4.775 kN, BZ= 14.854 
Just to the left of Gear 1 
MY= 763 . 94 Nm 
MZ= -1336.90 Nm 
T= 0.00 Nm 

Diameter must be at least 50.75 mm 
Just to the right of Gear 1 
T=1273 . 24 Nm 

Diameter must be at least 55.35 mm 
Just to the left of Gear 2 
MY=1782 . 54 Nm 
MZ=-572 . 96 Nm 
T=1273 . 24 Nm 

Diameter must be at least 57.71 mm 
Just to the right of Gear 2 
T= 0.00 Nm 

Diameter must be at yleast 54 . 17 mm 


(CONTINUED) 


o 


1 J 


) 


PROBLEM 8.C4 CONTINUED 


Prob. 8.29 

Omega =450 rpm 

Number of Gears: 3 

Length of shaft * 750 mm 

Tau - 55 MPa 

For Gear 1 

Power input = -8.00 kW 

Radius of gear* 60 mm 
Distance from A in mm * 150 
For Gear 2 

Power input = 20.00 kW 

Radius of gear=100 mm 
Distance from A in mm * 375 
For Gear 3 

Power input = -12.00 kw 
Radius of gear* 60 mm 
Distance from A in mm » 600 
AY* -0.849 kN, AZ= 4.386 

BY* -3.395 kN, BZ* 2.688 

Just to the left of Gear 1 
MY* 657.84 Nm 

MZ= 127.32 Nm 

T= 0.00 Nm 

Diameter must be at least 39.59 mm 
Just to the right of Gear 1 
T=- 169 . 77 Nm 

Diameter must be at least 40.00 mm 
Just to the left of Gear 2 
MY=1007 . 98 Nm 
MZ = 318 .31 Nm 
T= -16 9 . 77 Nm 

Diameter must be at least 46.28 mm 
Just to the right of Gear 2 
T* 254.65 Nm 

Diameter must be at least 46.52 mm 
Just to the left of Gear 3 
MY* 403.19 Nm 
MZ= 509.30 Nm 
T* 254.65 Nm 

Diameter must be at least 40.13 mm 
Just to the right of Gear 3 
T= 0.00 Nm 

Diameter must be at least 39.18 mm 



Prob. 8.77 
Omega = 600 rpm 
Number of Gears: 3 
Length of shaft = 24 in. 

Tau = 8 ksi 

For Gear 1 

Power input = 60. do hp 

Radius of. gear* 3.00 in. 

Distance from A in finches * 4.0 

FY= 0 * 

FZ = 2.100845 

For Gear 2 

Power input = -40.00 hp 
Radius of gear* 4.00 in. 

Distance from A in inches = 10.0 

FY= 1.050423 

FZ = 0 

For Gear 3 

Power input * -20.00 hp 
Radius of gear* 4.00 in. 

Distance from A in inches * 18.0 

FY« 0 

FZ * -.5252113 

AY»-0 . 6127 kips, AZ--1.6194 kips 

BY*-0 .4377 kips, BZ* 0.0438 kips 

Just to the left of Gear 1 

MY= -6.478 kip. in. 

MZ= 2.451 kip. in. 

T= 0.000 kip. in. 

Diameter must be at least 1.640 in. 
Just to the right of Gear 1 
T= 6.3025 kip. in. 

Diameter must be at least 1.813 in. 
Just to the left of Gear 2 
MY* -3.589 kip. in. 

MZ» 6.127 kip. in. 

T* 6.303 kip. in. 

Diameter must be at least 1.822 in. 
Just to the right of Gear 2 
T» 2.1008 kip. in. 

Diameter must be at least 1.677 in. 
Just to the left of Gear 3 
MY* 0.263 kip. in. 

MZ= 2.626 kip. in. 

T= 2.101 kip. in. 

Diameter must be at least 1.290 in. 
Just to the right of Gear 3 
T= 0.0000 kip. in. 

Diameter must be at least 1.189 in. 




PROBLEM 8.C5 



8.C5 Write a computer program that can be used to calculate the nor- 
mal and shearing stresses at points with given coordinates y and z located on 
the surface of a machine part having a rectangular cross section. The interna) 
forces are known to be equivalent to the force-couple system shown. Write the 
program so that the loads and dimensions can be expressed in either SI or U.S, 
customary units. Use this program to solve ( a ) Prob. 8.50, (b) Prob. 8.53. 

SOLUTION 

£jf7£(Z i h ^ v , 

PZ66M* ? A </* 

Pc>/^7 OH 'A 2 

Not# u wo 2 A"uS 7 ZATtSPV /=oLi "> ?o/ ; 

tj 2 :=- h 9 /*/ k?/# (f) 

OH. L?/y A#0 ^ 


/f £/T/M 2 0 ) OK (2) JS ymsr/eO f c.o/» PUT* 



CONTINUED 








PROBLEM 8.C5 - CONTINUED 



&=&*■•/* 14 

Pij~ '“'fejbfcjl A. “ [3~fe. ~ ^ '#,J - ~ 2*3 ^ 'f"P. 

/w-7 -k Lj-X''r). Z* ~ — Z? '*7. 

Problem 8.50 Force-Couple at Centroid 

P = -24.000 kips 

MY o -30.000 kip-in. MZ * -33.000 kip-in. 

VY a 3.000 kips VZ = 2.000 kips 

+ + + + + + + + + + + + + + + + + + + + + + + + + + + 

At point of coordinates: y =» 2.000 in. z = -2.000 in. 

sigma = 1.792 ksi 

tau = 0.104 ksi 



P=~/ZO$.W V 2 = -20^N 

Mu T ZJlN •<rr> 

Pa/HT // (A - ?Cy 'yt'tn 


Problem 8.53 Force-Couple at Centroid 

P = -120000.00 N 

MY = 2000.00 N-m MZ = 11000.00 N*m 

VY = 50000.00 N VZ = -20000.00 N 

+ + + + + + + + + + + + + + + + + + + + + + + + + + + 

At point of coordinates: y = 20.00 mm z « 30.00 mm 

sigma = -14.352 MPa 
tau = 9.259 MPa 




PROBLEM 8.C6 


SOLUTION 

2H>yr)n 




8.C6 Member AB has a rectangular cross section of 10 X 24 mm. For 
the loading shown, write a computer program that can be used to determine 
the normal and shearing stresses at points H and K for values of d from 0 to 
120 mm, using 15-mm increments. Use this program to solve Prob. 8.35. 




f ~ (p. 0)0 ,07 Hrfh Jr 

J= {&, o/o^vjp (38. 2 VX/o ^ ^ 


rZ - C>,£(o.t>Z?ori) T= IZ/.IO 
£&MPUT£ [? PACTION fcT -ft , 

( 9^X /70 £tt9 3 *~ ® b?$Cc><>3Z - 0 


(70 


[/?<> -d )JW 30^ 

/%?<£'£ fi 7» rC/-/7>?//V/A'(( p<y»7Z H k. 

ft 



PftvpFi /-f d <&>«*'* 7&f/s g'TP*! S'rp-O 


'>*'*) cos- 2° 




(&0'7trrr -c/) 


F 


f?JP06r?AM POpcf ~ coo PL f JSYS T*7* 
f=‘= — Pt S//7 30° - ( ?#N )coS 30° **0 

y - - ft CCS 20° + (9Jk»)Strt30 > CSTfi) 
pj ~ £\ (&c><7ti*)cc>s2>c> ” ■7r7*i — cJ)&r>3o (-£Tp) 

qt po/Asr / /r 

f)T Pfc>/NT « : 
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PftOARfrM OUTPUT 

Problem 8.35 

Stresses in MPa 


d 

SigmaH 

TauH 

SigmaK 

TauK 

tnm 

0.0 

-43.30 

0.00 

-43.30 

0.00 

15.0 

-41.95 

3.52 

-65.39 

0.00 

30. 0 

-40.59 

7.03 

-87.47 

0.00 

45.0 

-39.24 

10.55 

-109.55 

0.00 

60.0 

-37.89 

14.06' 

-131.64 

0.00 

75.0 

-36.54 

17.58 

-153.72 

0.00 

90.0 

-2.71 

-7.03 

-96.46 

0.00 

105.0 

-1.35 

-3.52 

-48.23 

0.00 

120.0 

0.00 

0.00 

0.00 

0.00 



PROBLEM 8.C7 



*8.C7 The structural tube shown has a uniform wall thickness of 0.3 in. 
A 9-kip force is applied to a bar (not shown) that is welded to the end of the 
tube. Write a computer program that can be used to determine, for any given 
value of c, the principal stresses, principal planes, and maximum shearing stress 
at point H for values of d from -3 in. to 3 in., using one-inch increments. Use 
this program to solve Prob. 8.72a. 
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rbTnc. 


a:..* W* \ 




w w- c ; 






W / j 


r sl/f 
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0.3 in, 


Rectangular tube of uniform thickness t 
Outside dimensions 

Horizontal width a « 6 in. 

Vertical depth b * 4 in. 

Vertical load P - 9 kips; line of action at x 
Find normal and shearing streses at 
Point H (x = d, y - b/2) 


-c 



Problem 8. 

12 

program Output for Value 

of C “ 2.85 

in. 


d 

in. 

sigma 

ksi 

tauV 

ksi 

tauT 

ksi 

tauTotal 

ksi 

sigmaMax slgmaMin 
ksi ksi 

tauMax 

ksi 

theta p 
degrees 

-3.00 

-2.00 

-1.00 

0.00 

1.00 

2.00 

3.00 

12.58 

12.58 

12.58 

12.58 

12.58 

12.58 

12.58 

-3.49 

-2.33 

-1.16 

0.00 

1.16 

2.33 

3.49 

-2.03 

-2.03 

-2.03 

-2.03 

-2.03 

-2.03 

-2.03 

-5.52 

-4.35 

-3.19 

-2.03 

-0.86 

0.30 

1.46 

14.65 

13.94 

13.34 

12.89 

12.63 

12.58 

12.74 

-2.08 

-1.36 

-0.76 

-0.32 

-0.06 

-0.01 

-0.17 

8.36 

7.65 

7.05 

6.61 

6.35 

6.30 

6.46 

-18.49 

-16.00 

-12.78 

-8.73 

-3.89 

1.36 

6.46 






PROBLEM 9.1 



9.1 through 9.4 For the loading shown, determine (a) the equation of the elastic curve 
for the cantilever beam AB, (b) the deflection at the free end, (c) the slope at the free 
end. 
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PROBLEM 9.3 


9.1 through 9.4 For the loading shown, determine (a) the equation of the elastic curve 
for the cantilever beam AB, ( b ) the deflection at the free end, (c) the slope at the free 
end. 


SOLUTION 
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PROBLEM 9.4 


9.1 through 9.4 For the loading shown, determine (a) the equation of the elastic curve 
for the cantilever beam AB, (b) the deflection at the free end, (c) the slope at the free 



SOLUTION 
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PROBLEM 9.6 


9.6 For the beam and loading shown, determine (a) the equation of the elastic curve for 
portion BC of the beam, ( b ) the deflection at midspan, (c) the slope at B. 
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PROBLEM 9.7 


I A B 


H 1/2 — *4-* — L/2 

y=«0 

[.= 0^,0 
,«t- 

M, * 


* ^ 



* 


rn 

1 ■ .1 

L- x 

4 


(a') E-pA-S+i’c. co-Tv/e 


(fe»> V J X = * 
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9. 7 For the cantilever beam and loading shown, determine (a) the equation of the elastic 
curve for portion AB of the beam, (6) the deflection at B, (c) the slope at B. 

SOLUTION 

Usi*^ A8C «cs a -IVee Wly 
AT.'fj » o - t + ^ 5 ° = ° 
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PROBLEM 9.8 


9.8 For the beam shown with load P, determine (a) the equation of the elastic curve for 
portion AC of the beam, ( b ) the slope at A, (c) the deflection at C. 
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PROBLEM 9.10 


9.9 and 9.10 For the beam and loading shown, (a) express the magnitude and location 
of the maximum deflection in terms of m-q, L, E, and I . ( b ) Calculate the value of the 
maximum deflection, assuming that beam A B is a W1 8 x 50 rolled shape and that w 0 = 
4.5 kips/ft, L = 18 ft, and E * 29 x 10 6 psi. 

SOLUTION 
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PROBLEM 9.11 


JL* 



9.11 (a) Determine the location and magnitude of the maximum deflection of beam AB. 
( b ) Assuming that beam AB is a W360 x 64, L = 3.5 m and E = 200 GPa, calculate the 
maximum allowable value of the applied moment M 0 if the maximum deflection is not 
to exceed 1 mm. 

SOLUTION 
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PROBLEM 9.13 


9.13 and 9.14 For the beam and loading shown, determine the deflection at point C 
Use E = 200 GPa. 


M 0 •= 38 k.N • m 
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PROBLEM 9.16 


9.16 Uniformly distributed loads are applied to beam AE as shown, (a) Selecting the 
x axis through the centers A and E of the end sections of the beam, determine the 
equation of the elastic curve for portion AB of the beam. ( b ) Knowing that the beam is 
a W200 x 35.9 rolled shape and that L = 3 m, w - 5 kN/m, and E — 200 GPa, determine 
the distance of the center of the beam from the x axis. 
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PROBLEM 9.17 


9.17 through 9.20 For the beam and loading shown, determine the reaction at the roller 
support. 
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PROBLEM 9.18 


9.17 through 9.20 For the beam and loading shown, determine the reaction at the roller 
support. 
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PROBLEM 9.19 


9.17 through 9.20 For the beam and loading shown, determine the reaction at the roller 
support. 


SOLUTION 
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PROBLEM 9.21 


W - Jfy (x/L)'- 


kips/ft F ° r the baBn ShOWn - de,ermine ,he rea <*°" « roller supper, when w, - 6 
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PROBLEM 9.22 
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9.22 For the beam shown, determine the reaction at the roller support when w 0 - 15 
kN/m. 
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C,- O 
C* = o 


a«.L>-fe,L> .O 


Y)ct4 <x * W 0 ~ ISxlO 1 N/b« L ~ 3 *n 

r ’ 9.-7S*f° S N - 9.75* kW * 



PROBLEM 9.23 


9.23 through 9.26 Determine the reaction at the roller support and draw the bending 
moment diagram for the beam and loading shown. 



SOLUTION 


i 



.cui'K onS 

are sA*" ffc*-^^ 

i <4 1-4 ^ a.4 e. 


O < ^ * 

k 

z 




= H » ftx 


(0 

EI& 

- iR**' ^ C t 


oo 

Eis ■ 

■ ^fc»x 3 4 C,y 

: +C t 



< L 




= M - P»X - 

P(x-k') 

(*4) 



■l)‘tc, 


EI * 

• i(?AX J -iP(x 

- tV + C 3 x + C. 

(«) 


O' 04 O + C t C i = o 

l*~ + o « c, c 3 *c, 

t*. * 0 j ^ 3 £ **(5? «■ c.l + A - £&(£* * o + c,^ , c, 

C,= o 

lx* ' 5 P(i) + C 3 = o Cj - - j-fiii L 

[».L,j. 6] £ t? A L s - £?(£Y + (iPL J -41?,L*)L + o 


- o 


(4 - i C* - 4 rn» 

R"°~> 0)j WiH x: j ~ ‘ M 

F*«< wtH X. L K>--x PLr -/t? 1 - 



PROBLEM 9.24 



9.23 through 9.26 Determine the reaction at the roller support and draw the bending 
moment diagram for the beam and loading shown. 

SOLUTION 

'R€a.c.4«'o^'5 ct/e iwi<sU t 

0 < y < ^ 



Elfe- 

M = 


CO 

ei& ’ 


♦ c, 

<*> 

ETj/ - 

iR*x 3 

+ C.’tf + c. 

Cs) 

It “ 

L 



EI^‘ 

= H - 

P*x 

C4) 

El^f - 

*R*X*- 

-*^3 

on 

Ely -- i 

r R*x s - 

^(x-^V +CjX + C H 

CO 


[y = oj : o] 

[*’ L J s/toJ 


o-o + o -*• C* C* - ° 

i& 4 tt + c, « ° + c * c, • c 3 

c,= c v =o 

iC«L' r iw(^ 4 + c s * O C 4 * 

+ 0 = 0 

(i-i)P.L 1 = (4 - «x'> wL ' < iff» r S?t wL R»'ii wl -t -* 
CO , W.-+U x • | M c - R»(?) = ^•«L‘ = O.OZni wL l — » 

Fro~ (*\, wiH x* Z- M s r t?,L - £ *y(i) 1 - (tS * * '> wL “ -« 

s - 0. 0703 1 wL 

Locc^4 io* of poSi4 1 i/e M 

r &. r — 


-5 -* x- •* L 


V w = - * (**- s') = ° 

y . L.I, : II L 

x +* ~ X laa 4 " WS 

Uti), x^x„ M w = (?, x„- i •*(*.-*')*' 


Y - — T J2*. S — — / 

^ 3 WV l*S 


4^)-HeO’’ 0 



PROBLEM 9.26 


9.23 through 9.26 Determine the reaction at the roller support and draw the bending 
moment diagram for the beam and loading shown. 



SOLUTION 


Cx=o J -y-ol 


U- i-jV-d 


Reavc .+ ioms S’ta.i'iciZ Jfy i nde'Vei/'iM noei-te. . 

45 E,= O (?*+R 8 =o 

D ZMi s o - M* - M. + R e L = o 

H a = R a L- M» 


- 


M* M# O < X < * 

(^ 1 7^— r y\ ■* R a .x -v M* r - Ho + RsL - Ra y 

f ^ t - Ho + (L-x') 

^ ^ El 5 - -M»X4 fttt*-***) 4 C, 

N*. Ely - +-C,x + £* 

4 *' \ y 3 < x « i- M - P 8 ( L - x ^ 

Er& * (? a a-x^ 

^-5** EX ^ -- KiCLx-ix") * 

El y * ^(ii* 1 -***)* C s x +C, 

[x=o., ^Uol O ■* O * C, * O a, - O 

O + o + O + O, » o ^2 - o 

fy- * ,£.£l - M.$ ♦ gj±£-i±') » 4 C, C s - - 

[*> Ly-*] ^ 4 C s £ -* c T 

[y^yol R,(*L 4 -±L*) f %ti ^m.L v = 0 

n . I Jjst _ 

- 8 Z- 1 ^ 


[x=0j 

£>* ^ - o 2 


[x-ij J=o] 


M* 4 I M„ - H, 


-in. 


M e - r r -it M° 

M c t = r ItKx') -■ ft M. 



PROBLEM 9.25 


«T) 



9.23 through 9.26 Determine the reaction at the roller support and draw the bending 
moment diagram for the beam and loading shown. 

SOLUTION 


0 £ x if % 


El -4r£ - M r x 




CO 

C2.) 

( 3 ) 


El 4* “ + c. 

EX ^ + £> y + 

n t)!’ Mj - O 

-fcx " ° 


El 


$ * M * «?»* - i f (x-l) 3 


Of) 

Eljfc - i^x'-TT T^'^ 4 C, W 

e-i^ - c t «> 

O ♦ C x <?« * ° 

*(?»&)’ * c, - i (?A)“ - O *C t C,r c t 

j&M +At + ^ = iW"- ^ + c * c, - C. - o 

^ !?. L l - >■!(■ C s - o C s - * w >^- ± R » L ' 

*g.L*- i£(*f - AftL* + o = O 

(k-kWrl^-dz-W i <?* 1 ilr * L £ l * a 

F^(.> ; w;-U * = ^ M c r R A t , : 0.007031 mU 1, 

FW>~ (*Oj w;H x = i- M r - - i ^(t ) 5 = “ifte’'''**- 

= - 0.CU7GI w/.t 1 


[*= 4» jrl 
ix* L >y-°l 


* 


Location of 

wu>KN p<J5|’V ivc 

M 

»w po«*t/on CE 


M s 

fc*- 


y -kvJfcL 
» Y w„ 

= ySF L r °-" 8t L 

x*» 

r CXSL + 0. H8l Z. 

- 

o.ci sc t 


Frov* (4 'i ^ 

W»H X ' X^ 

M* 

r (o.C)86 l) 

(o. 1186 L ) 3 




- 0.00 S/43 

w.L 1 



PROBLEM 9.27 


9.27 and 9.28 Determine the reaction at the roller support and the deflection at point C. 


SOLUTION 





-i M 

LZ 

- \s 

c X *i 


tfe&.c'l’ \o*\S a** s4a4ic<s«J^ inde4er«"uirttfttfc- 

O * x 

£1 r M - 

El^ • -k *** + c - 

EIj * £f? A x 3 - -k w *‘ > + y -i C,. 




k * ** L 


[ y “ Oj J =o~\ 

Ly. L) ^ = o] 

Dr*tj y»^3 


^ ^ ^ ( See. -fWe. loody d I'AAtrec^*. ^ 

SIM^O - Ra * 4 i wL (*■ TT J + M * ° 
tig -- M - RaX -*wLC*-40 
El ^ ^ ^RaX* ( x-^y + c 3 
EXj - & f?A x3 - "L (x- t - ) 3 + Cjx + C, 

0 -o+o-*Ci=o CjS'O 

* c, = jUfctfcT- + wL ^)‘ + c, 

c, * 4 i -sir wLl = 

- jWrV 4|C^4-p{r WLS )^ - c - 

c H * -favv *£r» L * + -rts» L ' '- m" 1 ' 

£r a l' - + c 3 = o C,’ & wLt -i*»L l 


(V-iVW’-(a - 7 i ? 4 

C 3 T £-lM #"L» - -£»L> 

C, - = -^ wL ' 

Def.fe*+;«>* «•+ c ( 3 «.+ x ’ 7 ' 

- w ^- t| f x Ml |JA 3 -. -L.(40* 

77“) 6'irt'Ui 29 . UJ i 


-3 " 6H 
- c> 




_ /HI | !L\ wi! _ _ _!2_ 

" V. 6I9H 3«9 fc’SC / £j 6t99 El 


JC £t«W EX 




ov* 


^ c - i-iTir(»')* ■ t» '^' i ! 2 + 7ii"k 

r (ewT ‘ U“ 


\<j wi^ 
6*99 £X 


PROBLEM 9.28 



C*”0, ^=o1 




l>= ^ v=yJ 

fr-LS--#! 



9.27 and 9.28 Determine the reaction at the roller support and the deflection at point C. 
SOLUTION 

Rea-c/Kow* aye s4«^* \*\ . 

+TT (?A + * wL + o - “ 'Rn 

97 O -M* -(£"0 j + R a L-o 

Ha « f? e L - 

Fy©*^ A 0 O ^ X 5 ^ 

EI^C r M - Ml, •*■ f? A X +^»JX x 

Elft£= M,y 4 4R„xW w 5 + C, 

FX ^ - iH A x l 4 i-Pa^+^^x** 4 C.X -v Ct 




F w>*y\ C "Vo & 


4 ^ x < L 


EI jk -- M - Mu 4 V A y + >X(x-£ Ww(x-£V 


EX ^ - ■iM„y , '+ i-p.y 1 + rf-wL(it- ±y - J-,(y- %) i + C 3 x + C. 

[y^o^ro] oto + o+C,=o 

I*y 1 ° j J ! ° 3 o + o+o+o 4 C*. - o 


C,= a 
C*-o 


[x r * y & » jfel M' - iftdf + 1 * Wrir + ift&f + t wL fel - o + C s 

c 3 = > ^WL* 

[x=irjl A'-Cfc)* 

= ±**trr * isj\ rf'* ,iwu^r) 5 - o + s l^ i (#') + c, 

c H -(i;-Tir + dr'> ML * r -?ii wl -‘' 

Cx^^o} *M A L l + iR.L 3 4Ji-wL(|:) 3 -5LwC|■)'' +1 ^l^;L\L')-^>^4L• , =o 

*■ ; f?8 = 4?*'*- 1 

R,* -P, = -^ wL 

M A * R 6 l - iwL* -* s^wL 1 

(b^ .c-'t loin <a^ C X-?) 

Elfrz 4 m^*+ iR»(IP+ .£*lfcV r i(^ vl ')(>) i+ KS**-Xfc)* + ri- v ^*> y 

= - ufet vyL ‘' i wL 11 | 

~ I oZH FI 





PROBLEM 9.29 
Mo 


HH 



D 

r 






L*- O^rol 

!>-«■»&«£} 
Lx-Aj^r s,] 

U** *■> ^=°] 

[X’L^so] 


9.29 and 9.30 Determine the reaction at the roller support and the deflection at point D, 
knowing that a is equal to LI 3. 

SOLUTION 

Rfi6.cffoHS ore s4a-'Vica^I^ i Jefetrwuwd.’fc,. 

A O * x> * o. M - £ A 

Dui^ra] EX =* M - 

El ^ - te,y‘ + C, 

El j = £ (?. x J + C, x + C t 
O. < * * L M - R*x- Mo 

El£* - R*x - M. 

El ^ s if?** 2 - M ',(*-*) + C 3 
Ely = { 4 C s x + C* 

0 4 0 + C. - o C l =c> 


o 4 o + C 2 - o 

iJ^+C, - J&tft- O +C S 

£ Rad* + C,®- 4 C* = iff.® 5 + O + CjO.+ C, 


c, = c 9 
C a = C, * o 


4R.L*-- + C s = 0 


C,= 


[x-L_,y*o] i(?*L* 4 -[M.a-a)-if?*L 1 3L 4 O = 0 

(i-i)RxL 1 * Mo [U-®)L ~i(L-o.y J 

iR» L 3 ~ M„ [ - iL * •fc-k* ~ i®M * i M - 0-* _ a ‘ ^ 

R, 

VefJecho* «.+ D < J «-+ X* ) 

y D * ex [i 4 C « ( 5 ^ - M + C »^ 

— Jj^^M.I-'+tMoCL-^- i’ llT L * ^3^ 

■ yufc**-*) * SHT^* 


DO 

D 

□ 

!jn 

; 1 1 

IP 

n 


n 



9.29 and 9.30 Determine the reaction at the roller support and the deflection at point D, 
knowing that a is equal to 1/3. 

SOLUTION 

+1^=0 R A +P a -P=0 R A « P-fr 
-Ma-Po.- P e L - ° 

Ha " P*L - Pol 


O < X < CL M “ M* + P* * 

EX = H = M a + R a v 
El j* = M„x +iQ,X l + C 
EXj- - iH.x*+ i-P/.x J + Ox + c t 

ol.<-X/<L M ■= M a + R„x - "P (x- O 

£ I = M ” + t? A v - P(x-*> 

£l 7x M »* + - iP£ii-0‘ + Cj 

El ^ il? A x a - iP(x-a) s + CjX + Cv 


[x= 0j ^o] 

[x= °j ^«3 

i***>&*i!l 

lx-a, r .yl 

ly-Ljy-ol 


0 + 0 + C, = O 

O 4 0+0 + Ci - O 

_tV* + i%tt* + c, = £4^+ iR^- O + C s 

ixW + +,£-* + C, 

= i£V«*+ i^r® 1 - o + A«- + c, 

+ - £Pa-«? +0 + 0 = O 


C, = o 
C.« o 
C 3 “ C, = o 

* Ci = o 


±faL-f>aU x + i(P-R B U 3 - iPO --*) 3 - O 

(*■ - i W -- P ti at z - i X s 4 ± CL- - ) 3 3 
iP B L^ = rUrecf-Jr? +^t 3 ->^ +^la l -ia'J 
= Pa 1 (iL-fa') 

R a - £g?(8L-0 ^ 

Dcf iec\\c»\A "D x ~ ^ y ^ 

3o : iR^k) 3 \~ ei { is^s L ~ + ^j-Cp- 

It 1 r air? S' ^ ^ 



PROBLEM 9.31 



tx-O^scQ 






9.31 and 9.32 Determine the reaction at A and draw the bending moment diagram for 
the beam and loading shown. 

SOLUTION 

Qy sy j R A - £» w J Jjf = ° “A * ' Z • 

+t"E^=£> K »=!?«=»■? -* 

Mome»>+ re&.<Aior\ ia rKi \cdjy i>We-4 , 

0 < to < j M = M A + f? A x = M A + aP* 

El^t - M A + 

El ^ * M„x 4-^*% C, 

o-o*C,=o C,= o 

£**?:>&' °3 - O 

M^-iPL -* 

iy *» ^e4 r-j Mg - Ma * 8^^-^ 






PROBLEM 9.32 

u’o 



[X-^ ^-<0 




9.31 and 9.32 Determine the reaction at /4 and draw the bending moment diagram for 
the beam and loading shown. 

SOLUTION 

a.t'e. s^d’Sc^Jy i de +« * *-» »n<a*f C . 

Sec<*vs<s af *ni«'ve4 \/= O 
ojV x - ^ . 


Ey^v=c>1 





Use po^to* AC be** (o c £•') 

- - W = - 2 7^ X 

Jx L 

- V = - -»• O') 

El ^ M* -££**♦ *>* * M« UO 

El*}* - -£¥*’+ 4 Sa*‘* + C - 

Eij «-£$** + ifc*** *M«»‘ + C. X + c, (*0 

O-o+o-io + C, C,= o 

o^o+o+o + o + C, C t -o 

-£(£)*♦ R a - o R* -- i*.L \ 

-£ W*i(V*^) %+ K>* + £ > = O 

m a = - 2( 3^ -dr)"° L*~ t - £ W ° L ’’ 3 ■ u/ » Ll 

Ffx»i*> w»4"li x ■ ^ 

-- (“A** -4KL‘ - ^ WoL - , o.osus- 


Ex i0 ,&‘°} 

tx = o, y =ol 

[yr ^V:o] 





DC 

0 


PROBLEM 9.34 


9.34 For the beam and loading shown, determine (a) the equation of the elastic curve, 
(b) the slope at the free end, (c) the deflection at the free end. 


1TX 

. tv — ft<() cos 22 



SOLUTION 


r - W - - W* 


0 } V=t>l 


L*- = 


V - -a* 


= o j V » 


JV v c 

v s,n at L - 
0=0+ C, 


C, * o 


JS'V 


■ - ¥■ ~g 


MjO] ^-2.- 7JI. 

EI ^5 " M ’ k»s fr - ' ^ 
ei£ - **£'(¥ •"’E-'O * c 5 

^(^-l) + c s =o c 3 - 
e-rj = - i* 1 } < c,x + c, 


L l _ trx A r 

~W t<,s + Cl 

r' Hw 0 L 

M * o i C- 2 - 7Y*- 


c, - it ^ 3 (r-a) 

*TT 3 


-*!“<«« - * x i 4 ^ x + C, 

D^J-ol ^(-lf)4C,L * C, - o 

/i - 2wJJ* _ C.L 
Cf - T^fc~ - SJ L 

, w„C 141 l' me 2lV + J±t(v-zYx-t.) +-%r \ 

(ai hJ^+i'c cok-x* y = eT^lrr cos *I Tf* - + u 3 1 tt z j 

y, 2^ 5 - 8 c» S 2? -TT’fl ♦ 2TT(TT-^f •+ *(■*» -*■.■>} -*• 

J J* El i AJ - 

Cv>^ S.P*pe *4 ■(*«« e-*J- (x * ° ^ 

EX • c. ’ -X- 


Cc') Defied' a* (x a ° ^ 

w r Z W °.^ f - 8 4 TTCH-TT")} “ - 0.1 

JA tf**EI t 0 


0 889 


WoL* 


PROBLEM 9.35 


9.35 thorough 9.38 For the beam and loading shown, determine (a) the equation of the 
elastic curve, ( b ) the slope at end A, ( c ) the deflection of point C. 


SOLUTION 


[X'rO^M'oi 


Ux= i J 


(a) EP*.sf/c co^« 


— * O ^ * o -ftL+Pk * o 9 * r ^ 

— j - ^ - V = P A -P<*-«>° rl*- ?<*-»>• 

M - x - + >< 

E1 <& . 

- f£- * l - W*-/ + c, 

=|^ Er^ - x 1 - i-p<x-^> 5 + c,x ^ c t 

[y = O ) y - o~i C t s o 

^ L s - (t- a)* + C,L » O 

e, a’-t*) 

O^e J ~ ^ X 1 - 4' < ' y ‘ A ^ 1 ~ fc ^(L % ~t>‘)x \ 

y.-5 skf k>f - L <’'^‘- - 


(b ^ Slope *,4 c»a <4 A. 

ET*U' C ' -- 

9 . 

(c ) DefJec4io* «4 £ 

EI >= ir Q * + c.* - -i 


P. ka ? - Zk(L*-f-')a 

CL CL 


^ Pk«: (a . 1 - L l - fc 1 ) 

CL 

v C - -£*i 

J c 6£TL Q£IL 

- - fVb* 

3EIL 




PROBLEM 9.37 


9.35 thorough 9.38 For the beam and loading shown, determine (a) the equation of the 
elastic curve, (b) the slope at end A, (c) the deflection of point C. 


SOLUTION 



C*ro ? y = o3 


I'x-L, y=oll 



® x ReA£+i‘©AS R* T t . R e r V 

36 < a M ■= £ A x 

a<y<L M - 

L)s s 4* y -poMffi 

E 1 - M =• fcx - H 0 <v-a>° 
ElJ + C, 

Els; * *!?.**- 4 «.<*-»>' 4 C,. + C t 


tx* Oj y- o] 
l*’ L , y -- 


O : o - O + O + C* 

iM. a— -f + C.L + O -o 


= O 


C.Lr 4. • C # - ±k(3t^LO 

Cal £ Ks+i’c cor^t !j r s{ £ yS ~ 2 ' M o<X-^> ■+ (3 b'/- ^ 1 

- j x* - 3L(x-a> 1 *(3 b*-^ ^* 1 " - 

% - ^[Sx l - CL<y-^>' +(3 t l -L‘^ 

0 ,) S>l°pe. 4 A ( ^ *t X = O ^ 

3* ° ° * 3Ltl - L 'l ' ^ - 


(c) Def ‘ ^ *i C (■ y x - a.} 

. JS^y.sk'-yL&t.-tfl , gg-Ju*- 2«rt 

■ I# 




PROBLEM 9.38 



9.35 thorough 9.38 For the beam and loading shown, determine (a) the equation of the 
elastic curve, ( b ) the slope at end A, (c) the deflection of point C. 

SOLUTION 


y»©J 


L/2 — -3 


£***-, y=°J 

[** m*©3 

2'V- 


M * 


M ’ "if <*-&>'+ *S«* + M, 


lx= M ?o3 
[x. I, M -X ^.(^ a + + O - o 

EI-^l - M - - 3 f K*“ it 7* 4 m w ° Lx 

-1 k * 4 W ‘ L * 1 4 C ‘ 

EIj - -££<*-*/ + * C -* + C < 

^ r t>3 O - 0+0+0+ C t 

[x-l )r o] + - o 

C, — 

(a) EAs+.c co/ve. >f ~ + w*- * "'stcT L *1 

Cb') sAp* «i A ( jfef ^ x * ° ^ 

W r r . 37 ,< 4 ? _ 37 nfcl* A - _il_ 

Eiri° + ° -stzt 1 i - - 57 ZT 0 ' ^ ^ 

Cc") DeTAcftcui */tC 


M* = o 


31 319 




6a" eIlI 0 +°-sk* 
(c) DeWeef»»* ^ C ( 


37 

'576o £1 ' 


e, " 


_ 37 tVoL 3 

“ 5760 £X 


* 6 * Sri ° + : m L ^ % ~^ Lt ^ 


/_L_ - ■ XL-\ 

“ Vli53l |I5^° } EX 


3 

ix8o ei 







PROBLEM 9.40 


9.39 and 9.40 For the beam and loading shown, determine (a) the deflection at end A, 
( b ) the deflection point C , (c) the slope at end D. 


C / 

- a — ►+* — a- 


M yr-jv SOLUTION 

V Smce JexusU se^-F e<fuijt 

l*=A i y:o'} l'X-3a. J y*o'\ 0<X. 7.0. M “ - Mo 

£fiL< X*S*- M » “ Ho ^ Ho = O 

UsTj'i^ s o -/*</■•' 4y Pimc4 lows 

EI^* - M “ -Mo +• H 0 <x-^o.>° 

EI^ - - M 0 x + M 0 <v-*a>‘ 4 C, 

EIj - - iny +4Mo(v-^a.> 1 4 C,y + Ct 

[y - 3 Aj y - o] - jM„ + %Mo & 4 (S 4 r O 4 - 4 M*,Ct 

[*-*."1 ~ ^ M„ a' + O 4 C,a 4 - o <xC,a C 2 ‘ i H 0 a 

Sot4irQ.c’f » ~ 2~Mc,cx C,-i M 0 <x» 



c 2 

- iM.a- 

aC, - -f Mo 



3 r 

ftH*' 

+ 4 ^ 

OiY 


- 

Jy 

"fti — 

(x-a ) 1 4 

i 

(cO 

De 4 J*c 4 t*ov'» cx t 

A (y <*t x - 

O 'J 


> 

- HsS -i-o 
EX £ 

i o + o - 

- - 

(b') 


C (j 4 V : 


^/c 

_ H 0 d" Ci 
El i x 

(if + o +-|(x) 

*t 

<cf> 

s.e, 

up « ft 4 X) 

( if «* » - 

3 cl) 


do 

- j - 3 

El <• 

t f + 3 $ r 



MoCc ^ _ _i M 0 a 

”eT“ > ' ** EX 





PROBLEM 9.41 


9.41 For the beam and loading shown, determine (a) the equation of the elastic curve, 
(b) the deflection at point B, (c) the deflection at point C. 




to 

|A 

B 

__J_ 



SOLUTION 

At Fn* o 


R. - IwL = o 


1?* * i'*' L 


C* =0 > 


t)!H,= 0 - = o 

-|wL- 


0< » * 2 


c 




w 


i;wLx 


r. 


r 

□ 

□ 

□ 

□ 

n 




w 


C 

IK' 


v 4 




!z c %, < L ( See ^Vee lo©<4vy 
= o 

+£w(x- ^ 4 M = o 
[s/\ - - IwL^ + ^i-v “ i w (*“ T V 




U-I 


tv 




<-v* 
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PROBLEM 9.42 


9.42 and 9.43 For the beam and loading shown, determine (a) the equation of the elastic 
curve, ( b ) the deflection at the midpoint C. 


SOLUTION 


■ x * Rjt 

4- f 2" = o ^ -v - O R A - 


■ a — H -* — a * ■ H — a — *4-« — a- 




l* 'I*, 

[y = 4«, h?aj 


a _ _ 

<&4L 


ifcd _ 

tft*. 

V -- R 

M - 

H r ♦ R 

EX0 

= M 

E*jfe 5 

■^wax 3 

Eljf ' 

i wfl x : 

C 

II 

C 

V 


T* r 



wOO ~ w^x-«.> 0 - w^x-2kx>° 

= - w ( w 

(x- 3 a.V 

f(y- Sa /* 1 K'l’fA Ma - O 


o - o + o + o + C* = c> 
wa(^ 3 w(3a) v + ^(aV + 0,0^0 - o 


4 c, = wo ! | - V + |f- -£$ ' -¥ w * 3 

COi') ^ eiUs'ffc co/s/e 

y = fr{ i ** 1 - *V <*-«>’ + -k<*-3°->* - 

(b^ Oe-F^ec4i'o»o a4 C ( j a! x 5 %& ^ 

** + ° -#<*>} - - f IT 


C t = o 


C. * - £ wa. ! 



PROBLEM 9.43 





Cv-^y^a 

Lx = 4ci j M s o‘2 


9.42 and 9.43 For the beam and loading shown, determine (fl) the equation of the elastic 
curve, (6) the deflection at the midpoint C. 

SOLUTION 


8y Ra ' 

+ t IFy -o (? A 4 (?B - " o (?* = *VO- 

w(x') * W - + w^X-Say* 


^ - -w60 - .-w + w<^x-6t^° - vj^-Sa.y 


£■^4 r V - f? A - Wx +• W — ^^X-3tf.y 

M - Ma + f? A * - = o 

El £ *: M - Wflty - ^wx 1 f -^w(x-34> 1 

El ^ + i */<x-*> 3 -i^<v-3a>^ + C, 

£1 y - -g WCL* S - 4 j ?4 W “ A ^ - 24 w 3 a -4 C,x 4 C t 

Ix-zOj r a 3 o-o + 0-0 -*o -v C* 5 o C L = O 

[x^a, y .- o] Iwc-C^f -■foW^laY' + d;" (.$*)'' a? -. C.O*') - ° 

*#C, - S + = 'T** c,= -f^ s 

ta3 £T<ffc»At»o*» of eJ*$h'c eor</< 


(b) DeWe^fi e>* A,"f £ 


(j J v = 2a ) 


£{4(*?-AG)V*(,v*o * “5f «’ 



PROBLEM 9.44 


9.44 For the beam and loading shown, determine (a) the equation of the elastic curve, 
( b ) the deflection at point A, (c) the deflection at point C. 


SOLUTION 


jAini** r ° OM 0 -- o - R»L + - C> 

Wi Ra * 

+—L/2 >1 - L/2 L/2— *] , v y /.vO / 

v,6 ° ° w -«<*-*>+ 

wl -ft w ^ - - w£0 - - W + - tJ^y- L'f 

■ + T ' ' i V - wy + *«<*'?>“ * w< , x-a>' - W<y-L>' 

Rrt> |2 

Kr “* Wy * + + 

EIj*r _^wy 3 + | iv /-<(*- ^ ^<x-#> 5 - ^w/^v-i-y + C, 

£ 1 ^ - -3^ wx’ + ^wL<x-iy 4 ^ w<x-iy -5^ w<y-i.y + C,x 4 Ca. 

-£*(5)' + o + o - o + C, £ + C t - o 

C* = 355^ -C ,4 

Nf-ol + g W EL S + t -jfwL 41 4 C ( | + ( ssh*'^ - A'k’V ° 

(ibi'K.L* (£•■£ - i “it + 5i*7t - 5sO WL 1 * C^jJ-wL* 


■L/2 -I - L/2 »1 « L/2- 




i>fc* £ «7 

wl>/l 


0 .2 





■* (wh “tIi r “ast 


(«i r eK-£* % + iu*-#> 3 * *<^*> ¥ 


Kb') Defied*** a4 A 


(y d x * o') 


> r jrjH° 4 O 4 0 ^ o +D " Z§£ L*\ *-&££ 

S . *11 i 
^ a 5sTEX 4 

Cel D^Wed*** di C (j 4 x ; ^ 

^ =g{-* LU 7 L $ + ~£ - 0 + & L * L - sfeL^ 

1 wL y * 

" 7 <* El 1 



PROBLEM 9.45 


9.45 For the beam and loading shown, determine (a) the slope at end A, (b) the 
deflection at the midpoint C. Use E- 29 * 10 6 psi. 


4 kips/ft 1 2 kips SOLUTION 

, 'H j^ (D ^60 “ — Ux 

|M S6X12.5 © w g C*')- kX 

r & (2>. ? s 2 k.’pt. 

+^ZH g = o - 8I?» + (*)(&§) + COCO !? A .-ffc.p5 

\ wCx'i- W„ - kx + Kx-^ 

\ = q - x 4 <x- q > 

-rp’ g. 

'. =i iH - V -- ¥ - lx • i,- -to-l'f- 

Q ' [« — c|ft — 4 r * 

El* - M - -2<x-V> lc:,-W 

|x 3 + jVx , -^<x- 4 >'' -<x-*<y + c, k f --Fr- 

eij - -ffx*- i-x 11 +/ -^x r - ( -^<x-H> r - i^-O* ^C,x 4 C. kp-f-f 3 

5c=^ Nf = 0 ^ 0-0+0 + 0+0 4O+C±~0 ( ^2 = ° 

&• s, r o1 (&)( if- r(g)V f^Csf - *(••/- *<•*? * - O 

C, - -26.84V kip^-t* 

Dctk- e»^*K> € pf - ^x/O 5 fes,* 1=- 22*1 in 1 ' 

FX * Cziwo 3 )^*' 1 ) r xlt?S k; P' 1 *^ ' 

(<0 S&p* Ct+A ( ^ ° ^ 

EIO* ^0-4040-40 40 4 zc.8^ k»p-V+ 

0^-^f 4 - - -£.o S */cT 5 ^ 

(M OeFWiow 4- C ^ d x* «tt.) 

£X^ - t£ 60 s - *ir^y+ ik^y - o-o. -Os.w)60 + o 

= — SI. 73 

V r - $ 1 : 21 -. r - /3.42*JO S -ft 

MH5TI 


<? 2 = o 


k; P --fr+ x 


O. 1C 10 m. 


PROBLEM 9.46 


9.46 For the beam and loading shown, determine (a) the slope at end A, (b) the 
deflection at point C. Use E = 200 GPa. 


12 kN/m 


SOLUTION 


Hum „ x Dir\,'4s : forces k-M J /n in 

Au C As W150 X 13.5 

0.4 m 0.4 m - 1.6 * ( f.S. )fo.8) +C2oXo.*0 * o 

q.6 | ,20 Ra ' VN 

. I I . wCx") - 12 <x- 0.4>* - I.Z.<y- l.2>° KK)/w 

'a I I^d ' - «'(»') ’ - l^.<x-o.l>° 4 12 <X-/.2>° kW/V 

^ - V ‘ V.8 t- 12 <x-O.H>' + 12 <x-/.2>' - ^0<X- l. 2 >° kW 

EI^-M • ?.8v - 6(»-0 .V)*+ 6<x- (.?>'- ;?o<x- /.x>' kW-w 

ET^ ’ - 2<x-o.*/> 5 + 2<X- /.2>’-/0<x-i.2> t ’ + C, kW- 

Els,-' I.S3333X* - ^<X- l.2>’- -£<*- 1.2}* + Qx C t kU- *>* 

[x = J = O ] O-O-fO-O 4 O < Cj-C) C* = o 

fxrl.E^ro] 0.63433)0.6)*- i(>.sV+ ■iio.4') - -gCOM)" + C,(l.s) + 0-0 

c, - - 3.^080 kN- 

D4a-‘ E = 2oox/o’ Pa. If e. S7* lo‘ w*," „ C,. 87 y /o~ c *~, i 

EX = (200»(0’)(&.87>'/cr‘) - i. 37*/ x/d‘ N-*,* * 137V H7-k>i v 




(prt si^e A ( 3 * ° 

££ - O-O+o - O - $.4o$o WJ- *C~ 

Oa * “ ~ l^°" * ylo' % ^J - 




(t>) DcT/^ecf I o*A a/f C ( J al y: Ufc!^ 

£I^ C r (K63S33Vl.a^- jf(0.8) 4 v O - O - (3.4ogo Xl*^ + o 
- 1.47*0. kW* h^ 3 


Jc 5 ■ - -1.071 * 16 * », - 1.071 «*M 4 



1.75 ft 1.75 J 

i Z 


350 Ih/ft 

| 1.225 


9.47 For the timber beam and loading shown, determine (a) the slope at end A, (b) the 
PROBLEM 9.47 deflection at the midpoint C. Use £=1.6* 10 6 psi. 

2 kip* 3.5 in. SOLUTION 

1 350 Ih/ft H— H 

r rr t i n 1 1 ( ^ 

f U^i 4 s • Fo^es tv\ /fewyfhs I*' n, 

5.5 in. 

"T75ft'i.75ft^ 3-5ft ^ “7f? A +(2)(5.25)-vCl.«f)0.75) - O 

iZ 1.225 “ J-806Z5’ k'if s 

1 'l w6<) = 0.350 <x- 3.5 >° 

>1 jfi, ^--w = -0.3S<y-3.S>‘ 

djg - v= i.oS62£ - Kx-u^y - 

M = t.*C>£ZS x - 2<x- l.7S>* - O.l 75<y-3.5> 1 k* -ft 

Er^ * l'< )C - / * 75 '>** 0,OS833<X-3.5->" + C, k r -ft " 

FI - O. 3Ol04*x a - £<x-/ 7;>> 3 - 0.01^83 <x-2.5> y 4 C, x + C t k*> -ft* 

[xrOj jtol C t = O 

[y, 7j (oJOKMttKtf- *(*»)*- 0.0.9*83 <3.5 V - C, ^ +0-0 

C, - - rswt k. P - fi L 

D«t-W E* 1.6*10* />*>' x l.£*to' In,- 

1= -jL (a.s^s.s) 3 = 48. ,V 

EX* » 77. £4/7 *;/>.;„*■ - 539-/2 

<M S tope at A (&■* X’Ol 

El £ = 0-0-0 -7.S477? k.p-K 1 

A - 7- S3 77 4 . * It.OO x/O* rat *=* -» 

* 5^4. IS 

(M De-Wed ion d C C^«^x t 3. s -fO 

El* = (0.So|O42X3.sf - i(/.75) S - O -(7.54774 X3.5) * O 

= - IS". 

v - _ J£ s!22 C - 37 v/o” 1 ■£+ “ 0.340 .** I 

Jc- 5-3*7. 1% 



0*34 0 »’* ^ 




PROBLEM 9.48 



0.9 m 0.9 m 


9.48 For the beam and loading shown, determine (a) the slope at end A, (b) the 
deflection at the midpoint C. Use E = 200 GPa. 

SOLUTION 

IV. 4s • Fortes 'iw IcW, 

OfM e = o 

W3wx 60 - -5-- M Ra - 0-8)fe a ♦ IO.S ) = O 

R* - 5.C.U7 Irtl 


l*'* 


w60 - 3<x-l.*>° 

^ . - wO*^ * -3<*-/.8> c 


ft! U?e ^ " V - S.uci -6.2<x-3.<;>“ 

El ^ - M " £GU7 x - f <*- l.«>* - £-*<*- 3.<£>' 

El ^ - 2.S333 * 2 - ±<X- l-8> 3 - 3. l<*-3.4> 2 -+ C, 

£Ij * 0.°mw X 3 - i<x- l.&> y - 1.0333 <x-3.£> 3 + C,x 4C t khK* 1 
tx- O-O-O + O + Cl ' C z =o 

(O.WVMs.O 3 /. 0333 Cl.8^ + C.CS.'O + 0=0 
C, - - 22. 535 

VJto.: E= ^ox/o 1 Pa,^ X - I^k/o c ^ = /^v/o' c h" 

EX = Uo^x/o’Xi^x/o- 4 ) a x/o c M* **>**" - x/o 3 kU-ton 2 

(pO Siope «.+ A (J^c 

El ^ = o - o - o - M.SSS kV)-^ 

22.S3X 

J9*V3 v. C71 v /n ^ vs,. J "ttd" — » 


*S. « * 105 


-£73 * ZO" c - O.$73*(o r^J^r 


Cb) De-T izc\-lo*A <x^ C, (y <*4 x ~ 2.7 ^ 

Ely,. - - O 535X^.7>+ O 

- - *f2. 337 khJ • m 5 


*12.337 
25.3 UO 1 


- J.£4/*/o’ 3 ^ 
y c - I.ch i l 





PROBLEM 9.49 


***** 



9.49 and 9.50 For the beam and loading indicated, write a computer program and use 
it to calculate the slope and deflection of the beam at intervals AL, starting at point A 
and ending at the right-hand support. 

9.49 Beam and loading of Prob. 9.47 with A/, = 3.0 in. 


3.5 in. I 

M 

II 


SOLUTION 


J in . Se«. SoA*4io<* +o p/'ob. 9.47 4W 

A v *-\ * (2<j v&J'i'o* s 

■fke . 


El = 637.1 8 \<;p • 4H - x 

HI ^ - 0.9o3l25x‘ L - 1<X-I.TS> 2 - 0.05S33 <k-%.S> % -7.54779 *■ 

£1^ - 0.3o|O42 x" * 3 <X- /.75> 3 - O. 0l4H83<x-7>.s) V - 7.54779 X ^ P -pf s 


x G« ^ 


0 (lO~ l r ** 0 

v Gcr 1 -ft 1 ) 

y(;») 

o 

O 

- H.OO 

v«/ 

0 

0 

3 

0.25 

- 13.89 

-3. 44 

- 0.042 

G 

0.5 

- 13.58 

- 6.93 

- 0.083 

4 

0.75 

- (3.06 

- /O, 26 

“0. 123 

\X 

l.o 

- 1 2.32 

- I3.H4 

- 0.161 

/5 

1.75 

- 11.38 

- 16.41 

-0.147 

18 

1.5 

- 10.23 

- 17 . 11 

- 0.724 


/. 75 

- 2.87 

- 21.5» 

-0.25-8 

24 

7.0 

- 7.41 

- 23.54 

-OJ82 

27 

2.25 

- 5.48 

- 25.21 

-0.3o3 

So 

2.5 

- 4.57 

-26.53 

-0.318 

33 

7.75 

-3.19 

_ 27,56 

-0.330 

3 G 

3.0 

- L 2* 

- 2 8.13 

- 0.33 8 

39 

3.75 

- 0.48 

- 28. 42 

-0.341 

— 

3.5 

0.84 

- Z&.37 

- 0.340 

45 

3.75 

2. H 

- 28.6o 

- 0.336 

*43 

4.6 

3.4o 

- 27.3o 

-0.328 

SI 

4.75 

4-62 

- 26.3o 

-0.316 

54 

4.5 

5.74 

- 25. oo 

- 0.300 

57 

4.75 

6.84 

- 23.41 

- 0.281 

6<? 

5.0 

7.92 

- 21.56 

- 0.2 S9 

63 

5.25 

^ 8 7 

- 17.46 

- 0.234 

C6 

5.5 

4.72 

- 17. /3 

- 0.266 

69 

5.75 

loMl 

- 1 4.61 

- 6. 175 

77 

6.0 

II. 1 1 

- 11.91 

- 0. 143 

75 

6.75 

11.62 

- 9.06 

- 0.104 

78 

6.5 

12.60 

- 6.11 

- 0.073 

a/ 

6.75 

12.24 

-3.07 

- 0.OS7 

84 

7.0 

12. 32, 

O 

0 



PROBLEM 9.50 



9.49 and 9.50 For the beam and loading indicated, write a computer program and use 
it to calculate the slope and deflection of the beam at intervals A L, starting at point A 
and ending at the right-hand support. 

9.50 Beam and loading of Prob. 9.48 with A L = 0.3 m. 

SOLUTION 


W310 X 60 


See 4© PasId. 48 

dev'V tff" -f K e e«^r o * ha * * oseel »i 

+he ] n«j. 


«£ ' 

Z. 8333 x* 

- Kx- '-8>' 

Ely - 

0.4444 x* 


x 6*7 

9 Oo'SJ) yCi-nO 

0 

- 873 

o 

0.3 

- 864 

- 0.261 

0.6 

- 834 

- 0.516 

0.4 

- 72 4 

- 0.754 

1.2 

- 7/5 

- 0.925 

1.5 

- £26 

- 1.187 

1. 2 

-5*18 

- 1.357 

2. \ 

- 34 o 

- 1.445 

2.4 

- 24 b" 

- 1.54 1 

2.1 

- 27 

- 1.64 1 

3.0 

81 

- 1.642 

3.3 

ZS1 

- LSI 1 

3.6 

437 

- 1.427 

3.4 

GOG 

- 1.330 

4.2 

753 

~ 1.1 26 

4.S 

m 

- 0.282 

4.3 

96o 

- 0.606 

5. \ 

1016 

- 0.309 

5.4 

) 0 35 

0 


3. |<x-3.C>* -- 22.535 W-kV 2 * 

1. 03333 <x - 3. 6 y* - W. 535 x 


iW) De4i ltc\\ov\ <x f (Z C y 4 y * j 1 



PROBLEM 9.51 


9.51 through 9.54 For the beam and loading shown, determine (a) the reaction at the 
roller support, (6) the deflection at point C. 


SOLUTION 




p. -►(?«- P * o R A *P-R. 

y +DTM A =-o -M*-P i*Q»L*o M A -- 9 bL -iP/. 

Re«4?h'on4 a^e. s+A.+ic«^/^ iv\ota'Veif w ■V.O'H; . 

ST • v ’ P. - P<x-i>‘ 

EX^M= PIa 4 1? A x -?<*-%>■ 

EI&* M A * 4 iB A x 1 -|P<v-^>%C, 

\ EX* - 5 M A * l 4 if? A * s - ±POc-*>’ 4 C,x 4 C t 

Zx-Oj^-o'] O + c 2 4 o 4 c, * CJ C, = O 

[y=^ y - o] 0 +OtO + O+ C t - o C* = ° 

i R.L 1 - 4 0 4 0 = O 


L * 4 P A L 1 - c P( f I 4 O 4 c 
iOV--iPOL* 4 £(P- (?.H 3 - fcPL 1 - ° 

P* = P " ■f P 

M a -- £ PL-iPL - -if Pi. 

(bX DcF-/«c.'fi®*'> C (y «cf x* 

^hii H.(Sr> f + f 4 (it)*+ 

- {£{ (±*a*+) 4 (*)(£)(*)$ - - £ l¥ 


R» = lfP t — 


, _z. £L S * 

yc - /6a EJ * 



PROBLEM 9.52 


H L/2 — 


Xx= ^ = O ] 
l*-*-, Jfrt] 


9.51 through 9.54 For the beam and loading shown, determine (a) the reaction at the 
roller support, (&) the deflection at point C. 

SOLUTION 

=2§8 ^3^ +1T Fj * O £> a + £* s o ^ 

OZM a =0 -M a+ M„-«U*o M A *M 0 +tf e L 

Re&^f ions <*.*•*. s4 , cc}"i’c* / £^ m^e'f eV'*\«'rwfc « 

j » M - M* 4 f? A x - rUx-fr}* 

1*. £Ij[ * Kl k x + ^ C, 

EIj “ £ M A X l + 4*RaX 5 - +C t X + Ci. 


o -v o+o ♦ C, - o 
O + O+O+O + ^^c? 
jM,L'+ i <? A i* - i + 0+0 = 0 


C ( = o 
C.» e> 


±(M.+ l?,OL' -4 f?*l* «■ - o 

(A- i 1 p ot.’ - (a “ 2 ) M.L*' 5 R *. = ~-fir 1 ?B r- 8ir 




p . i Me 

M a = M„ - f^-L = -iM. 

0») DcT Je r 4)0* at C ^ ^ ^ 

* - i M,(%)‘+ i *(i>(*)(Art 

- A 

“ CT ' 





PROBLEM 9.53 


-ZJ3-4— L/3 


-o 1 


[xfO^ ^ = ol 

[*•*■, i*o] 


-L/3-J 
L**^ Y r *l 


9.51 through 9.54 For the beam and loading shown, determine (a) the reaction at the 
roller support, (6) the deflection at point C. 

SOLUTION 

# - v - r a - p<*-\ 

El - P> - i? A X - P<y-S>‘~ K^-a")' 

£i& - iP*x v -iP< x -f> l -iP^-f>" + C. 

El} r is? B x 5 -iP<>"i> 5 -iP<v-^> 5 + C,x4C, 


0+04040 + C 4 * o 


<V O 


[*.L,&,o] iP,L' - 5^1‘ * C. 4 0 -o 

0, r irltf*4)p- e*V ’ i(fp- f?«U l 

[x=l j;/ :o] i(?,X 3 - fP<^ 4 *(fP-a>t*t. 4 o 

(i-i)% l '- [rt^4>-<itt)-(i^)]PL* l p . 

C, * ^(fP-tP)L' ^ -iPL 1 

(k) 0 die^ion C. ( y d x r ^ 

Ef { KiPXf) 9 -iP(tV- o 


|p P.’fft 


PL 2 /jc_ i z. ^ .. __i£_ EL- 

£jf \ 4B6 162 SH ' ~ BZ 


ye m ex 



PROBLEM 9.54 


9.51 through 9.54 For the beam and loading shown, determine {a) the reaction at the 
roller support, (6) the deflection at point C. 



SOLUTION 


bj= 0J M* <0 


tit ^ ’ ■ w6 ‘'' * - w + 

£- = V » R* - W y + w<y-i>' 

M = tf A x- {wx% 

Elj* -- 

EI^ - j&x 3 -iqr^y s + £<*-£}“ + C,x + C, 


£x = o ^ = o 3 


04 O 4 040 4 C c = O 


C 2 - O 


KL'- *wL* + -M*)* + c, * o C,r 


[x*i.,y = o] s R.L 5 +?!j- w(-^y + C^wi 5 -4l? A L‘)L + O = o 

(i-i)P»L s ' f-jif +-,T i 1 ?* 1 Jm wL i?A r M wL t -* 

c, - Kg"OL' - -it*" 1 * 

(b) Defied 1 IOISI d C (y 4 y * # ) 

^ ‘"EX O -jtgV'L* k +o\ 

- w/l* ( _iL i_ n \ _ _ i q wL _ \9 wjj i 

£X v 6,4,W ’ W ~ 1534 ' ' ”</Mt ex ^ " *1*1*1 £TI * 




portm pm a cc 9.55 and 9.56 For the beam and loading shown, determine (a) the reaction at A, (b) the 

rKUnLlLM 9.55 deflection at C. Use E - 29 x 10 6 psi. 


9 kips/ft 


A r p Hi: ErfE 

TjJ| W12X22 

(*•- — 6ft — 6 ft- — 4 

Cx=«,y r< *4 


SOLUTION 


m\ 


Uvo iVs - Forces *»a kips ^ .1 t v a f't'. 

k - 3 = Ukfffl 1 

wCxI - Ul 6 - 4<X-6$ - 1 -S<X-6>' 
jv . - i r ^ . «/v/_/-v. 0 ., i cVs* _/r 


+ ^<X-6> P * l.5<y -*>' 

^ - V * P A - 0.75 x’ 4 1 <x- 6 >' + o. 7 S<x- 6 '> 

* M * - 0.25x 5 + 4.5<x-6/ 4 O.Zff<x-6>* 

El jj* - o.oasZ+i^x-o’ 4 o.o62S<x-c/ 4 C, tap-ft 1 

Ely - 4 (?, O.OiaS X s 4 0.375<x-4>“ 4 0.<9tas'<x-6> r 4 c, X 4 C t k.p-fl* 

[x=0,yrol 040 4 0 4 0 40 4 ^=0 C,= 0 

l*’ 1 *,*/?* 0 ! $fo A )(a?-(o.oa*Xn'?* O sXctf^o.oMrXt^ ■>■ c, = <=> 

c, = 8?( - 72 R a = o kip --Ft v 

tx.i^y-o} i !?,(»/ -( 0 . 0125 ) 62 / 4 ( 0 . 375 X 6/4 (o.oiasX&Z 

4 (g«n - 7a &X 12 ) 40 =0 

(8C4 - 288)R* - 8ift.8 R»* 14. HS taps t 

C, - 841 -(7?Xl4. 17S) » -IZ7.6 kip-W 

D^W E =■ «»/o‘ r , • ^WO J ksi I = 156 

El - (2<?*io’XiS4'> = 4.521 */ 0 ‘ tap-i*/ =• 31*117 kip I 1 )- 1 

(b) DeMed ion at C 4 + x - 

EI^ C - s (H.ns)fe') 5 - ( 0 . 0125 X 6/4 04 o - 027.6 )60 4 o 

= - 364.5 

fc = -Br * " ". 6 OX/O - 1 -Ft 


y c = 0.13^2 m i 



PROBLEM 9.56 


9.55 and 9.56 For the beam and loading shown, determine (a) the reaction at A, (b) the 
deflection at C. Use £ = 29 x I0 6 psi. 



u- = 

4.5 laps/ft 


A b| 

n 



JL 

\d £j; 

jT" 

c 



1 2.5 ft 

2.5 ft 1 

2.5 ft 1 

2.5 ft ‘ 


W14 X 22 






<s!» 4 y*U 

c»*^**«l 


SOLUTION 

Om'js’- Forces i ►'l k«'ps j iwi^h 

w(x) - ^x-;.5) tf -U<v*7.5y 

^ * -W(3<^ -H.5<X-7.S>°4 4.S<X-7.S>“ U.pVft 


77 - V - 
<hu 


R/. *- 1.S <*- z.s')' + ‘#.5<y-7.s>' k<fs 
EI J^ r T M - F„V - ^XS<X-^5> 1 4 ».X.S<y-7.S> X kr.p.-f-t 
El ^ 4 -^<x- 7 . 5> 3 + c, k.p ft l 

EIj = 4F< y -*-' s >'‘ + -^<y -a.sV + C,X + C. k,>-N s 

Lv- o j3 =o] o*.o+o + o+C t =o Qt=o 

^RaGo’I*- ^<Z.S> J 4 c, -- o 

C, - 304. G<J - £0 R„ 

t** lo jr o] £ ^ (7.sV + ^(?.s)" 4 (3o<(.t‘J-Soie A )CioUo * 

^OO - ipnR A r R, = 7.38 33 Wipj t 

C, * 309.69 - (5o)(7.3SS3) = -64.45 k.p.-H* 

Data.' E = Z c l»lo‘‘p%j = Z9*/0 3 ksi j 1= m in' 1 


El - O^x/o’Xm ) * 5.77) /((j 5, k,p. ,«* = 40 076 k .p -W x 

(bl Def-Pet-fion a+ C 4 x = 5ft) 

E-E^c r i (7.3833 VS") 3 - + O -(G4.45)C:> ) + 0 r - 175.76 fcp.-fV 

yc r - -- -4.38 56* to' 1 -H -O.OSXC m. — 



PROBLEM 9.57 


A flf Cf D\ 


0.5 m 0.5 m 0.5 m 0.5 m 


9.57 For the beam shown and knowing that P = 40 kN, determine (a) the reaction at E, 
(b) the deflection at C. Use E = 200 GPa. 


SOLUTION 


lini4st i« kW 3 i« v*o. 

+tTF 1 *o - Rg = o 


W200 X 46.1 


y=°3 


40. 40, Ho, 


A fei c 


IC * 


[y»o a ^ra'l C*~ 2 j R^ - 120 - VvJ 

-M A - 2o - 4o - Go + = O 

1( 4 ° I 4 °| 4 ° I M*- 2R e - 120 ktO-w 

A fey c| fP 6 ReA.e4>ovk* <x*«. s4«d"i i ^ <4 e.4e^ ** • e. . 

r V r (? A - 4o<^-0.S>°- Mo<y-K5>° 

R* We 

Elj£^ 1 M* M^ + P.k - t io()/-osy'- Ho(y-l')‘ - f/o<x- l.^y 

El ^ - M»x * iE^x’-^cKx- 0 -^- *©<x- 1>* -^o<x-/.s> 1 +C, 

El j - iM,x’ + - 4p(v-o.s)?- -^<x- i) 1 - + C ' y + c * 

(_x = 0 ,^= 0 ] 0*O*O*0tO 4 c, -'6 0,-0 

1*= <3, y « ® ] 0+0*04 O 4 O + O 4 C t *0 C z - <3 

[y, ^ r ol *M,Co\ i<?„ to J - f (I-Sf-^CO 1 - fCo.S) 1 + O + O = O 
I2<?)(J) 1 + ^sX 2 ' 1 * r 30 

2.6CCC7 (? e - So + Mo- l&o = lio R £ = HI. IS UK) T — 

M a * C?)6tl. *«■■)- Uo = -SV.S’klO-K, 

R„ r ito - Hl.ZS - 78. 7S kN 

Po.+a: E r 200* to"' Pa. ^ I - US.Sx\o‘»m'' = ^S..? * 7d"‘ 

EX - (ZOOXIO'XHS.S x IO'‘) = H.IO XID Q N-m 7 - = 9100 kU- h^’" 


(M "Defied ion a.1 C x » I } 

EI-y c - ^(-37.S')(»'>* + i(7«.TSVl? - ^Co.S) 3 -0 - O +0+0 

s - 6.HS 83 kW-*d 


^ _ -0.7 foxlO' 1 *^ 

JC 4100 


y* ^ 0 . 7/0 1 



PROBLEM 9.58 


9.58 For the beam and loading shown, determine (a) the reaction at C, (6) the deflection 
at B. Use E = 200 GPa. 



SOLUTION 


W410 X 60 








ft 

1 

7 o 

r 

1 ‘ 

f n 




he 


Obits' Forces in kU^ Jt IW »V) . 

+t Z Fy = O (?, - 7o + R c ^ D 

1? A - 7o - (? e UW 

O M, i o - M„- (7 o)(9.S) 4 2 R t * o 

M a = 8R C - 17-f kU-i*. 
Rca.e.’fi'dJUS a^e 5 4 a- I {ca >h \ ^cle-4 fcV' m A-^e. . 

WC^ ^ 14 - H<x-sy 

w 5 - H + /4<x--S->' 

V = •R* - Wx + l“<<y -£>' 


Ei £^ =m , H < + R,y-7x’ + 7<>c-S>* 

1 

P- 


£1^ r M A y + -LR,* 1 -|x* + i<X-3>* V C, 


£1^ - jM a x 1 + -j it** 4 + C, x 4 C A 

U-O, ^j= 0 ^ 0 4 o 4 o +o +C, - o 

lx*o> ^o] 


khJ/*n 

kU/^ 

k» 

Ich)- m 

kM* iv*'*' 


O-VO-VO-VO 4-0 + CtiO 

* X 


e.*o 
Cl* o 


t*- 8 -.^ 50 ! ^ M A (?f-t iftACs) 5 -£(g)*+ j§(aV + o vo ■* o 


3*U^- I7S)+ ir (7o-fO - * o 


ft I *5* 


I*. 


Re> U.S36 kWf 


Ye> 


r - c - IS * IO- ^ 

H3X©o 


170.667 1?,. = S(,00- £~. + 3AL2S: = I1C8.7C 

M A - (»)(ll.S&6)- I7S - - 82. IIS kw-*v, 

R, - 70-/I.5S6 - S&.<4Q,i M 

0 cjra.' E- 200x10* pa. I* XI 6 »W‘i«m‘ i - 2\(> x IO' ^ 

El - (200xi0‘ , )(.Z\ 6 *(o~ c ) = ‘IS.ZxlO* N-m'- * <* 3 *oo ww-w,*- 

(VA D efiecX 10 * o,f B (y o-f X - S Xi ) 

EXy 8 * iC-M.TsHsI 1 + i Cs».St>OU'V* - j? CsV - -I80.S2 kFJ*** 

y B ■ 18 twiM l' 



PROBLEM 9.59 


9.59 For the beam and loading shown, determine (a) the reaction at A, ( b ) the slope at C. 



SOLUTION 

Reac/'fiows cxv^t. s 






c 


1?* 


f 


# 


K 


1 


3 ‘ 


s M * M A + f? A * - M c) <y- £> 
El ^ + it? A x v - V>‘ +C. 


R 


Ely * 5M/4iR/-iM.<x-t> , '+ C,X + C< 


[x--l , ^ 


C, = O 
C L - o 

h a * i m 0 - i K L 


[v*° , ’ ^>1 

C* - ° , y * ° 1 

M„ L + *(?.(.* - M„£ = O 
»H,L l + iR A L‘ - iVWCtT * O 
a(iM„- 5 (?.l)L 1 + iR.L' - = o 

(W ^ L * 5 ** = I £* 

M* - i K. - i I £ L T 

(fc/) SJfcpe d C ^ at V - \ 

© t - 4 i({^ 1 + © + o ^ 


Oc - 


i. MoL 

te> €X 





PROBLEM 9.60 


9.60 For the beam and loading shown, determine (a) the reaction at A, ( b ) the deflection 
at jD. 

SOLUTION 

w ex') - w (x - w 
C Xs - e> ^-‘>l [x-Sfc, y=o!} = - w/Cx') - - w<x-<x>* + VM 

" R* - + ^<X-3a>‘ 

£ljyf r M " M A + R^X-iw(x-A)\ <X-3a>* 

EI 5* r K** 4 + iw<y-3*.y 4 c, 

* 2 M A x t + i^x' 3 -^-tA/<x-CL)? + ^r^*-3a>% C,* + C* 


^ r ° ^ O + O+ O+ O+C, = <-> C x - O 

L/* Oj ^ = o 3 0 + O -t- O 4 0404 C l = 0 £ « O 

[x-5a J ^ - c>l + ^Ra OS a-V’ - ^w(Sa? + £w(&0 S + O * O 

£M*cx + \2.S R, CL * 9.3333 wa* CO 

L** \/ * 3 aM^A) 1, + i R* (StfO* - ^ W^aV* + ^ (ZclY + 0 + 0 5 o 

IXSM ( a + 7o . 3333 - lOwa* 1 ( 2 ) 


£oj*in^ 01 av,^ (2) s iV. o n eoOsJPy M* ‘ - 1.3333 Wa l 

Ra - I*X90W0l t 



G>) De'f^ec-ft'oM a-iX) (j 4 X 5 3a.) 

" ex 1 i + £ R* (sO s ~ ^ + o * o + 0 ] 

-- [-1(-I.3SSS) + i(i.2»)(n')- JL(|6)] fj r - 0.^01 


* = O.9o7 l — 






PROBLEM 9.61 


4ldps/ft 



9.61 through 9.64 For the beam and loading indicated, determine the magnitude and 
location of the largest downward deflection. 

9.61 Beam and loading of Prob. 9.45. 

SOLUTION 

Q See s>oJ**4« o*v 4o Pv*©l». "bite 

S6X12.5 dcv*\\/«4'»‘^ *Hie oseJ 

■fUe *P«.A^ou/»Vi^| • 


El - ws\ 

EZ&t - fx*-f -«-«•** 

E i s = +* **-*<»- 

To W tff ««*.'.».*" iyl, se+ 2^ = 0. A^o^e O < * < 4-tt. 

£I& * ° *• 


kip- ft* 
k-ip • ft 3 


Soit/4 j fd^A^'f'i'on * 4.0 3.13 -3.135 

3.33 3.42 


X M = 3.135 ft. 


£I^r §(3.73s'l 3 -AC3.-735')‘' + ^(i.7i£/-(?6.8‘<4)C3.7S5) = - 60.0S KfW 

y r - r - 13.49 WO -1 ft. y M =^ 0.1619 

445 t J 




PROBLEM 9.62 


9.61 through 9.64 For the beam and loading indicated, determine the magnitude and 
location of the largest downward deflection. 

9.62 Beam and loading of Prob. 9.46. 




W150 X 13.5 


SOLUTION 

See sJU.’o^ +■=* Pro L. <*.44 for* +U 
o"T ■f’lt e e.joo'i’i bns used (>* 
e -£0^ «Vi« . 


£JT ~ El - 137 4 VK) * *r% 

El - 4.4***- 2<x-0.4> 3 4. 2< y - j.a> 4 - IO<x-l.a> i ‘ - 3.40*0 W-** 1 

EIj - 1.63333 x*- 3<x-0.4> 4 +4<y- /.2> H -3.^soy ktf-* a 

To *£iWl i’o cation oT •Se.4 ^ “ O. Assume 0.4 < 1.3. 

4.9 x. 1 - - 3 .4080 - f ^ " O 

S®JU ky i+e^+io" X* * 0.8 0.858 o.gS7 0.8S?o X w = 0. 2S7D m 

J£Af> * £. *8 1.123 7. H S* 

Ely «(|.C*S3*)(6.8S7©) 4 - ^(0.85*70- 0.4 )" ~(3.tf080)(o.9S7o ) 

~ - ). 41 44 kV* m 

v * -JLatLSL ^ - /.393HO’ 1 Kn r /.S43 ■]/ 

J IV?H 



PROBLEM 9.63 


350 lb/ft 


B ♦ Cl 


1.75 ft 1.75 ft 


9.61 through 9.64 For the beam and loading indicated, determine the magnitude and 
location of the largest downward deflection. 

9.63 Beam and loading of Prob. 9.47. 


SOLUTION 

T 

“l 1 ” See SoWi'm "P^oW. =(.47 -Poa 4 k 
— P dicin' xjaA't o'* of 4fe o&Aious use®( 

4Ve -PoXfcw 


£1 - 53<?.I8 

EI^l : 0 .903(25 *■ - »<y-l.7S> 1 - 0.0S833<x-3.s/ - 7.54779 
<*x 


k.p-ff*' 


EX^ - 0.301042 x^ - i<;x-I.7s-> S -^.D(7i-Si<X-3.5> - 7.54774 X le.p-f-P 

To l-ind "Hie i^oe«rf i'o» of v*ax>V.Jin 1 sei ^ = o. Assume 3.5 

0.103125 X** - I (x* l.7r')*' - 7.5+7', 

0.04C875 *„ x - $.5V„ + 10.61021 - © 

- 3,s -\Z(ZsT- (y)(o.o‘l £2 7S)tlo.< I°21) , 33l|oft ^ 

*•" ‘ ( 2 4 (0.0 46 8 7S ") 

Ely - (0.3o|o>uX3.34o') !s - ^ (3.310 - 1.73 )*- (7. S4 774 K®. 3.40 "> 


= - 15. 3328 k.'p f+ 3 

v , - !S.33ZS_ r _ U .4V>./o- 5 fl- 

J 53T.78 


0.341 .«. f 



PROBLEM 9.64 

j 6.2 kN 

3 kN/m 


j 

1 ; 

2 

I 

m. 

L 

k— 1.8 m-»- 

c 

-1.8 


0.9 m 0.9 m 


9.61 through 9.64 For the beam and loading indicated, determine the magnitude and 
location of the largest downward deflection. 

9.64 Beam and loading of Prob. 9.48. 


SOLUTION 


W310 X 60 


Set Soluijiow 4ra ‘Pirola. -For- 

<dke^«V«^F I'ofs <sf -f4ie erf Jo.]?} L)sec| (m 


-}-ke Fo,IJ*©w m< 


EX * 25*. 8 'id 1 M0-*> 

EJ ^ = 2. 8333 x 5 " - J<y- !.«>*■ - - 22.535 

E I y * - -i <*- 1- S> 3 - L03333<x- 3.6> 5 - 22.535* 

"IE* a <d-,'o * of rv>«. xt w*u> »v^ 1 y L 5e*f = O _ Assj Lg < X,^<3.6 

2.8333 X* -i (x M - L8)* - 22.535 =0 F, 

Soivfn-J Lj i r 3 ^ 2.36 ^ 2.355 X*,* 2. 85C w, — • 

df/^c * /i’.s is. IS 

Fly*’ 0.1«W X* - £(x*- l.*V - 22 .S 2 £X^ 

= (o.«M*HX*.a5SV s - £0.2SS-t.8) z - (22.535)62.855) c - 4H>.S©7 

v/*“ ~ ~ ~ I.** 1 ** *lO~* y M r -* 

2S.g*/0* J * 



PROBLEM 9.65 


20 kN/in 


9.65 The rigid bar BDE is welded at point B to the rolled steel beam AC. For the 
loading shown, determine (a) the slope at point A, ( b ) the deflection at point B. Use 
£-200 GPa. 



W410 X 85 


SOLUTION 

o 

- *» .S (?, + (loVsKi.S'l- CSoXt.S) = o 
f?» * O 

»r\ IcKl j Jertaj+bt in w 

£1 * M- 60<x-/.S - >' - ?o<y-(.£>° 

- i(ao^<y- /.s> 1 

El & - 3o<x-i.s>*- ^o<y-i.s>' -(iX2o")<*-'-S>' 

+ C, 

El -y = io<x-i„s>* - «5<X-I.5>‘ - ^CaoX*- LS >^ 

+ C, x + C* 

O + O 4 O + o + Cl * o C a r O 

+ 4.SC, + o * o 

C,- *s M'**'' 

De4*<Sc* E - ZOO X 10* P*. ; I " 3lS xfo 4, *I» H • 3l$ * lO~* Yn** 

EX- QooxlQ^&S * lO~ 6 ) - CSxio^hJ-m* - - G300O kW.wn*’ 

(eO S,?ope A ( 7% ° ^ 


[x TO; yz 0 1 
[Xr^^o] 


Eie* =- C, - 4s 


9. 


63ooo 


0.7/V x /O' 3 


O.Vi*t6 3 r«A 


(W) De-Tie^ i*«n a. ’f B (jj X ' 1.5 ■> 

EI^ tt - (C.)O.s') - (Hs-Xi.sl- e?.5 HJ.w' 

. C7.r _ 

J B LSooo 


. 07 1 x/O -3 *n 


1.071 T 


€7. S- 
LSooo 



PROBLEM 9.66 


9.66 Rigid bars are welded to the steel rod AD as shown. For the loading shown, 
determine (a) the deflection at point B, ( b ) the slope at end A. Use E - 200 GPa. 



SOLUTION 




ft* 


K f 


it lit 


it 


UwcfsT Dse kKJ vn -for 

sj M^e+r^ ■» T? 0 

" I 4 2F^-o P*4p«-3*-3£ *o kM 

- M - 36x -3C<x-£>.3^ -36(x -&.£)* 

- /0.8<x- O.3)> 0 + |0.8<x-o.6^° 

(w-* 1 ) EJj^- JS**- i*<*-o.3> x - i8<x-o.e> 2 

- /o.g<x-0.3>' + /0.8<*-<3.*y 4 C, 

CkW-M 3 ) Ely - Cx 3 - G<x-o.3> 3 -G^x-o.6> 3 

- 5.^<x-o.3> 7 '+3'.H<y-o.6> 4 -+ C,x 4 


Lx= o, j-<0 
[x=a^ 


04 o + o + o<o+o + C t - o C 2 =o 

(G)fo.*) 3 -(6)(0.*f -(6)fo.3i 4 

+ 0.9 C, + 0 - o 

C, = - I.GZ kv~v» x 

D <tf«. - E “ ^oov/o’’ 'Pa ^ X = Eli 3 r l.ogx/o 4 ’***/ = l.ogx^cT* k * 4 

El - (Xoo*tQ*)(l.o8»lo' c ) - 2I6 x/o s m-^ r ;?/£ k^-^ 2- 


tort Def^ec 4* i wuv «.f B (jy «/f x~ O. 3) 

EI*.* (gXo.s*) 5 - o- o - o-vo -0.a)(o.3') - -O'SZH kw- ^ 

~ ~ ^2 ' ~ ^‘SOO ^|0 ! Wi ^y B ~ i.SOO «.»* \ 

(W) Siope aA A ($■**•<>> 

EI0„ ■ C, - - 1-62 kW-*' 

~ ~ - - 7. So x l o'* \r-aj 0 A = 7.£i£>*/C> S ito«( 





PROBLEM 9.68 


9.67 and 9.68 For the beam and loading shown, determine (a) the deflection at point 
C, (b) the slope at end A. 



SOLUTION 


L e>a<Trm X - 'P ak 13 


Use S tff Afpt.*JiX T> 

■ 3 C - 


? - Pj a-=S J ■=> " 3 , _> 


■JUsft'c tJ'v* is jy - [ x l - Cl- 1 - t> a )x 1 


F©* x < Q- j \je* e. 

To oi>t©.»Vt e.P<a.st»'c cU/'v/? X > (X ^/<ace X 4y i. - X 

'i^ 4 e^ok O. fc> +© c^e.\ 

m r- -Es^[a- X y -u'-aXt-xY] w,+k # ^,-t P..-.+ c 

J £EIL 3 r 

_ KU3')r ( t\i _ ClMtHUyI -- --2- £42 
' 4ejT" ' L ^ 3 1 u ^ ; A a U H8C EX 

r - Pb (lT-4* > - _ ?q4/3)[t X ’CU/3) : l _ _ _£ £tl 

£>£XL * &EJL 2 * 


0 , 


LocwJin^ H * Dpwo/ri Jo«oi <a.t C . Use Cas* £" tff Appeal i‘v D u/V4i> 

P - - p , a = ^ a t>j, L - 4 , x * a • ^ 

„ _ (-P)(il/ 3 )\L/ 3 )'' _ _H_ PL* 

J c ' 3 £IL *?93 £X 

A _ C-P)(L/3l(i z -Cl/gV ) _ M. PI* 

6 * * - GEIL ‘ 21 EX 


(o'* X)eTiec4-iovt at C 


v _ _JL £4 2 * JL.fi! 

Jc ' 986 ei **♦* EX 


j_ Ell t 

H 8 (> £1 1 


(b) Slope at A Oa r 


+ jl£l! _ j_ £L 2 ^ 

81 EZ *1 Er • ' 81 £X 



PROBLEM 9.69 


9.69 and 9.70 For the beam and loading shown, determine {a) the deflection at the 
midpoint C, ( b ) the slope at end A. 


_ml * 
Hi - 'jiT 


SOLUTION 







r IT > 


(cl') Deflect i'cma at C. 


(jo) S>iope A. 


Loading X- C<i.se £ Apf>e-*d i* X> 


S w L" . 
384 SX > 


^a - ^4 fix 


II • C^se 7 of Apfte«*kx X>. 
Nofe ce^fe^ JefJecA i*©* «* 

££XL 

j_ M/>^~ 

^ EX 


ft - M » L 
' 3 EX 


J I tJL^ 

HZ EX > 


/n - _L 

EX 


i£V _ J- flitl 

Yc. ' *"384 El + 112 £X ns ex 

\ */L H | 

Yc T ei * 

* 24 EX 36 El 22 £X 

A . x*L 5 ^ 

7a EX 



PROBLEM 9.70 


9.69 and 9.70 For the beam and loading shown, determine (a) the detection at the 
midpoint C, ( b ) the slope at end A. 





PROBLEM 9.71 


9. 71 and 9. 72 For the cantilever beam and loading shown, determine the slope and 
deflection at the free end. 



SOLUTION 



X - 2P +A cff 'Q. 

Qx.it. 1 tfF “D afpAieA ~fa> por-'b'o^ 6c. 

ei - ^23^ * +-f£ 


7B X 

v ‘ - (ZF)tL/Z) s _ Xfll 
j» 3 £ J ** Cl 

AS i re<MA*ns s4v K Ai^i»‘f. 

A ■ _ ~ _ ' pjJ: 

- v < /Xw __ J_£ii _ -L££?- --£■££! 

JA * J£ ^2 -3 EX' W BX 
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PROBLEM 9.73 





^ 3 El 

Pof-' f?OM 'BC. f'ewftins s4/ v <u'gl>'K 

6 "? A.* T i £ld 


9.73 and 9.74 For the cantilever beam and loading shown, determine the slope and 
deflection at point C. 


SOLUTION 

Loa.din^ X L>* rfor'Ki D-j A t o'teA 

J?ouA w f K w - *P / L- . 

^ o*r A ppewlo* "D. 

A' - - - X W' 

^ ‘ GET ‘ ^£1 

s _x_a! 

J gei 3 ex 
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Cft-S€ I of ^ ■jo po^fi'on A8. 
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« - ?(L/ay . J_ PL* 
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4 
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« 
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_ Xfd. 

PL* 

ex 

3 

eT 
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x£L J 4 

.£ 

-fid . 

.xQu 1 ^ 
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« EX 

M3 

EI 

M3 EX " 
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PROBLEM 9.74 




9.73 and 9.74 For the cantilever beam and loading shown, determine the slope and 
deflection at point C. 

SOLUTION 

Voac\i*\^ I - d t's'f/'i 4'td Ae>ad 

W AS. 

Cfi^SC % o’f' App«.v\J»x X) icppJ^v'eci -b po^fib^ AS. 

J_ wJL 1 

ex 
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. \n (L/a )* 4 _ JL_ 
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-H 


SC- \re.w\e*i ,y t^ s4/'« hj k*f* 

0 C - ' HS £ I 

I 1 , / L \A< - I JL*^ _ _JL 

y t s V»H <rx ~ • 3*9 XX 

Co^^4«v"c^ckwi sc copp^c ^pAeJ <z\ C 

C<cS* 3 c.4 Appe*<4ixD 

„ _ (wlVgQL , J. 

0 C - El 29 e r 

s/ •• - (wL*/Zi)L % _ j_ vvLL 4 

' ^bt: ’ ** EX 

0^ S jpe/' p>©5 » •/"< 


0 t - + Gc." r ” 98 El T 2 h EX " 9* EX 


^ * + * 


j_ v^L % j. wl* _ j_ w l 3 ^ 
~ — + ^4 EX " r r 

x*lLL . 

>ii EX ^ er 3*9 ET 


PROBLEM 9.75 


9.75 For the W360 * 39 beam and loading shown, determine (a) the slope at end >4, ( b ) 
the deflection at point C. Use E = 200 OPa. 


SkN/m 



SOLUTION 

Uhi'4*S - ponces »•'■* l/Wj i* V*. 

^o«u4in<^ I : 8 fcN/v*> u* A vs 4 K iov'-fed . 

Ca.sc G ' W - L: 3. ^ J X T l.'Sh-i 
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- [y-xiL/*+ l 3 x 1 * - ^j[(i.^v-<i»vs.<»xi.»)'+(s.*ifci.3yl 
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Oouta.: E ~ x lo^ 1= IO^.Oy/O fc MM^ lo^.Ox/o' 1 ^ 
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Siv»pc a.4 A 


V- H- 77& + - ~2.s&»lo 5 
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-J 


G a * Z.S'S */<5 fj 

(bt OtW**+!*» *+ c *■ - ^•r; 0O 3H - ILi = -*- 7o "°~ 3 » 


9 2.7 o 


\ 



PROBLEM 9.76 


9.76 For the W410 x 46.1 beam and loading shown, determine (a) the slope at end A, 
(b) the deflection at point C. Use E - 200 GPa. 


SO IcN • m 


1 140 kN 


SO kN • m SOLUTION 


1—1 2.5m — h 4— 2.5m- 4 T - Mo»v>e*+ *4 B 

Co.2»« *7 »f *D M - 8 o kKL*n x = 5"*^» 

ML _ ($o)Cs. o) _ £ G,647 

" g £ l ’ 

LoVcUnj IE Mo^e4 a 4 A C*s« ”7 of Appe«e(t* 

M ~ go kN*w. ; L - <5*. O x - %.S 

^ _ J±L - (SoXS*.^ _ I S3. 353 
y A * 3£J ‘ 3fl FI 
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IMO kN co^ee*\'fy'«.4e ei J?o«cJ cjf £ 


P= i*to kM 
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- 16 CI " /6 £X * frx 

PL' _ (mo ^S-.Q^ e _ 367.^83 

- ^ci hs ec Er 


VccW- E r zoo * IQ* ?<X > I- i56x/o 6 vn^ M - IS6-*/o c */ 

El * ( Zoox/o’ X^6 * /o“ 4 ) r Sl.XvlO 0 5 3IZOO kN-v^ 

(a) SI.,. <*■+ A • £7 ~ 667 ;!^ 3 '"- 8 - - - <>•«>' ^ ^ 


(k) DeU*«+ \©IA of C y c ’ 


0 A * 0.601 WO 


I2F +■ /25 - 36^.533 _ _ 3 . £ 7 * 10 * v* 

317.00 


^y c = 3. G7 w%v^ 4 





PROBLEM 9.78 





L_S* -J 


9.78 For the cantilever beam shown, determine the slope and deflection at point B. Use 
E = 29 x 10 6 psi. 

2.0 in. 

\—+\ SOLUTION 

4.0^in . 0v\»4s * Forces l-i IC'pS^ Us 'ff'. 
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EX 
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Sfof« *+ B r G.™*lo 3 rU t> 

D«M«eR~ .18 * - ffirr * - IS-O^'O s ^ 

- O. 1ST I I*, i 



PROBLEM 9.79 


9. 79 For the cantilever beam shown, determine the slope and deflection at end C. Use 
£ = 200 GPa. 


3kN 13 kN 



SOLUTION 


S100 X 11.5 



a |C 

— OS -*\ 
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EX 
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OcU: £* 2oo*lo* P*.., 1= 2.S3*I» U ^ - 153*10"- ^ 
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A r - 3 » >g7 5 1 ~ - £.$0*10* rojt - &.3o*i6 % t+J 
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PROBLEM 9.80 


3 kN I 3 kN 



9. 80 For the cantilever beam shown, determine the slope and deflection at point B. Use 
E - 200 GPa. 

SOLUTION 


S100 X 11.5 


6 \ (■ 
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« = - r (lsYo^s^ _ _ OxMIgZ? 


j5uperpo5« f ion 

0 6 » ©6 + = 


« 2- 8/^5" 

“ " HI 


. . • , _ _ /. 2G562S* 

X* V* * > HX — 


D**U: £ * ^oxio 1 P*. 


1= Z.SSxtO*' - 2.S2HO* 


El - (ZOOvIO* K^-53 k J°~ 4 ) 5 5o£ X /O 5 W**' = >506 kN* v** 


Sjtape of B 
Defiec.^ior B 


A - - = - S'. S6* /o'* r*J - £X6 r*«l 

® 50H» 

y r - * — %. SO X /O' 5 H* - ^?.50 ►* **■ \ 

J° SO 6 




PROBLEM 9.81 


I n U 

l« — L/3 — »j-< — Z-/3 — — LI 
A Q 


9.81 and 9.82 For the uniform beam shown, determine (a) the reaction at A, (b) the 
reaction at B. 


SOLUTION 

CortSide^ ‘Pg 're<doncia**T i ^ep-P<t.c< 
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PROBLEM 9.82 







9.81 and 9.82 For the uniform beam shown, determine (a) the reaction at A, ( b ) the 
reaction at B. 


SOLUTION 

is 4* -firs 4 decree. C©w»»‘«le* 

ctS ye.dtwcl 4.v»"f awd i rep.la.ee fte ^ iVen 
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PROBLEM 9.83 


9.83 and 9.84 For the uniform beam shown, determine the reaction at each of the three 
supports. 


A B' 


W E 


-L/2-4— L/2-4- L/2-4-L/2- 






SOLUTION 

i is -fo 4-iirs't *•«£.. £©wsJ(4e</' 

-fo be -f-ke Y'edv>* r '<?l«t*'i't‘ j avv4 re^ia-c-e 

+ke Jtoe&A i n«^ b^y -Po<u4*r\«j s I 5 31^ 331* 

I C^se ^ oP Apf)«y\-4.‘x TX 

, v x s S^U! , ± Kk % 

v 6 ' 1 4861 ^ £j* 

Loa^I i n^JL C<cs« c£ 

(rt- ^ 

■ '^g[ L’-iV-tifli] 

- IL JLkf 
' “ 48 er 


__ ' ’ V_o«xdir»^ TTI. Cos* -£> o'f * 3X 

A— x -IJ ^ H.f of •4 oa«sUa^ JT 

(fcU " - W ff 

Sopeopo^if'OM a-wtfl co^s'firain't * (yc^x + Cy c Vd + (y& W “ ^ 

x RU* _ JL Pi! _ XEL 3 .- 4-.&L’ _ = 0 P = ^ P 1 

6 -EX 18 EI J'tfl 6 ex It £T It 


Sf cchc S 



■0 ?M e = o 

ft «£p t 


+ fZFj « c 

£P- p + fr P-2P + ft r ° 

ft - gp t 




WW>\\ 


PROBLEM 9.85 


9.85 and 9.86 For the beam shown, determine the reaction at B. 





SOLUTION 
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PROBLEM 9.86 


9.8S and 9.86 For the beam shown, determine the reaction at B. 
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SOLUTION 
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PROBLEM 9.87 


9.87 The two beams shown have the same cross section and are joined by a hinge at C. 
For the loading shown, determine (a) the slope at points, (ft) the deflection at point B. 
Use E- 29 x 10 6 psi. 


— 12 In.—- 

6 in. 


SOLUTION 
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PROBLEM 9.88 


9.88 A central beam BD is joined at hinges to two cantilever beams AB and DE. All 
beams have the cross section shown. For the loading shown, determine the largest 
allowable value of w if the deflection at C is not to exceed 3 mm. Use £ = 200 GPa. 





PROBLEM 9.89 


9.89 Beam AC rests on the cantilever beam DE, as shown. Knowing that a W410 x 
38.8 rolled-steel shape is used for each beam, determine for the loading shown («) the 
deflection at point B, (b) the deflection at point D. Use E = 200 GPa. 
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PROBLEM 9.90 


20 kips 20 kips 
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////' 


9.90 Beam AD rests on beam EF as shown. Knowing that a W12 * 26 rolled-steel 
shape is used for each beam, determine for the loading shown the deflection at points 
B and C. Use £ = 29 * 10 6 psi. 

SOLUTION 
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. ftp Vartan flo^Ra) 3 - (<?*- 3* )(3 )] _ Zlo 4 SO ru 

/S.VPTV^'l fCVPT\r«t\ ” f=V ~ rrr " - -^r— TT 


(SXfX'lC^O T (CXeiVl^O ' El FI 

AelA<4'r»^ Jef W.‘»* o-+ C due -K> be*«4uA^ af* be***'* A&CD. 

s^y ry 

Ta\eii JefiPad’i io* cd *B 


USOf) 

£1 


> * y» 


* 4 * ? £70 _ 4S<? _ __ 720 S 7?o 


ex ' i£k --' 7 •«!*!?*’* , 

r 0,%.\O /rl* ^ J1 ^ 


FI ex 


V/ z y ' + y * ? - r - t£|j£ - — SSS' _ jiJ 23<^ J, ;q- j -Cf- 

Jc Jc- + Jc £X EX EX H»og3 ^ ^ to ti 

~ 0.171 ih. 4/ “•* 



PROBLEM 9.91 


9 . 91 For the loading shown, and knowing that beams A B and DE have the same flexural 
rigidity, determine the reaction (a) at B, ( b ) at E. 





4 


Rc 


O. 


If— Ol 


^7 




A 


h — t> — - 

1 




SOLUTION 

Dntfo * Forces »n ^>*p 5 ^ in f*K 

For AC8 , C<«e ^ of A ppe**l*'* T>. 

uc)r 

For DCE^ utfffj Case *i of Append' * V. 

(o _ (R.-PX^li 

afcMec^Vons <x+ G 

. a^ag -- ( a - PX^) 3 
H-8 ex W ex 

Rc - • *3 * — **. 


p_ f? c = 6-3.?C2 r 2.03Z 

Osi'o^ free fcojy AC 8 *5 M, : ° ?a Ra - (7 ° 

R b - i f? e * l.=»84 k.'ps 

FYcc \>oAsj VCE OMd - ° Zb Re -b(P-R c ')~ o 

Re ' »(P- = l- 0 ' 6 ^ 



PROBLEM 9.92 


- 4-mm diameter 


0.2, m 1.6 kN/m 


40- mm 
diameter 



9.92 Knowing that the rod ABC and the wire BD are both made of steel, determine (a) 
the deflection at B, ( b ) the reaction at A. Use E = 200 GPa. 


SOLUTION 

Le+ Fqd + 4cia$/c»h ^ BD. Tk« 

<yf -fke wi'ir< is 

C - Ru, $ 

^ - £A 

Beawi A6C is sulaje«4e*’l fao (i) 

a-v\eJ Vv/ CL,) 

Lo&Atnck L- 4 o*f AjOpe^tx *D. 

Ue >i h« ex 

LoccJi^ci H • Ca.se. <© of A^/ 0 e*oJiV X). 

UeJn 3gtf 

De-FJVef i otv a4 ,6 
“ Sbd = !Ya ■* tyOa 4 


<D 




_ Sal 

- Ffipi- 3 

s *j L** 

E A 

W EX 

38H 6X 

/ X- 4 

-k!— \ p 

- -X- ^ 

EA 4 

H3 EX 1 r ®° 

~ 3««f EX 

D«4<t* 

^ r 0*2 •*> 


A » *«l‘* 

/?.5^G tv>»h 


E * *10* Pa 

iL -= . 7*T. St XIQ-? »/N 
E A ' • 


L “ 0.36 v* 


W a |.c */C>* M/*v 
-n * 


I = ^c' - ?(a“V = I «".££* I tf 3 mm* - ns.zz*l» *> 

gj = (200 k(o’ )( lis.tc ~ kS. I 33.x |o ? 

r . (Q.3P 3 I p . 

L '’.SSxfO 4 (i|sK«"-l3S «io 3 ^ J (3 *hK*s- 

M8.2S6xio' Fgo = IS.'fJS Xlo' 1, 1 p«> - 07.' 7*1 N 


(a\ DefJeok<.« 48 S B - = 0 n.W)(W&*lv")- s l'&'4 E O.0O1S1 nmi’ 

to R. = R c r 5 N L - Pso] - Jt[(l6ooXo.l6)- 117.7-#] - W t 





PROBLEM 9.93 


9.93 Before the load P was applied, a gap 6 0 = 0.5 mm ousted between the cantilever 
beam AC and the support at B. Knowing that E = 200 GPa, determine the magnitude 
of P for which die deflection at C is 1 mm. 



60 mm 


SOLUTION 





F ? i.oq+xo' ?*. 

I~ |L-(GoX46 1. 0% *\0 % *m* 

= 1 . 0 $ X [o'*’ kC 

£j s ZlG * N* 

% 0 * O.SK |0*wi 
S c r !• 0 » \o 3 *n 


® 60 mm ^ ^ 4 K AS - L ^0.5*1 

-4 V jPeoUb 8£ - Cl = 0,2 ^ 

60 mm J 

Conoid*.* po^-fio^ AS of ke<aws ASC . 

The becomes -^or-ces P Rs 

8 pius H< C Pol. TJ>e e/eWerffon ^4 

8 is So- Using C*-ses l <***{ 3 of 

App«wv4i'y TX 

*. _ (P - f? e ) L 3 . yal 1 

S>o * ZEX 2 El 

= 6X *° ( ° 

The JeWeeH©* C Jepe-Js on He Je&*‘***+' , o* 
of bea** ABC sofeje*-W H Jo*.ds» P «-n<4 Pe. 

Fon io<u4i*g Xj i>Si*g Cfe.se I erf Apf^^iy “D 

3£J 

FoV' JL . ost'n* Ca.se I ©4* Appe^ix T 

, _ &I» Q _ S^Ll 

' set 0S " zex 

Portion BC ne^Ai’^s 

jc= + a& s * (4r + He 3 ) £§- 

By sope^posi'ti’on He ©lown\*fc</d tfleMeeHo* ©4 C »* 

-(¥♦*>& 

tk±£^p -& 3 + £*)l? s - EISc <?) 

3 


(Jsing ike dU*-> eys (t) a*U(z) let 

O.0ta7 P - 0.04/67 P ft = I0S 0V 

O.MM^3P “ 0.06667 P® - 2.16 

oOS>Pj 

pr £.63 * ID 3 N ~ £,&'$ kW b -— 

Rtj - 6.42 XlD* M 


PROBLEM 9.94 


9.94 Before the 60-kip-ft couple was applied, a gap, 5 0 = 0.05 in., existed between the 
W16 x 26 beam and the support at C. Knowing that E = 29 x 10 6 psi, determine the 
reaction at each support after the couple is applied. 


60 kip • ft 



SOLUTION 

Um'fs * Forces i* k«‘p* ) -fevtjfhs in ‘F'f. 
= O.oS" i* =* .4. fi 

E * 21x10* p*; = Zl*lo* k*c 

I * 3o\ »** 

EX s 8.721 */o a Jap-i**- GOCI2 k*p-ft x 



Locdi*^ 1 : 


C«.Sf 7 of Appendix X) 


(x*-L 


GEI L 


l x^ 


w i + lo M > 60 ^ L - 1 3 f + 5 y = G .5 ft 



(Cq^IjS.S 3 ~ 

(C)(C©« MOOS’) 




: C^se 4 of 

(\f \ r -S iJz — r — 0 . 3tf — 8 t 

l J d2 48 El 

*■ 15S.07*I0- C p 6 

Defiec+iV* C 



= Cyc), + (yc\ = - 

- /o. 454xio“' + 7SS.01*ld c R a * -MJC*7*t o“* 

•= 5.32 7 k»>s | 

Sfdrcs • 

t) Zm b -- o 

- 13 R* - 60 - (C.S")(8.3r>) = O 

5?a-- 8 .777 k.>* • S. 771 fc.p, J —> 

OlM. « O 

■|3R, - 60 + (6.SK8.S27) - O 

R b = 0.*)« k.ps. t 




PROBLEM 9.95 


9.95 A 5/8-inch-diameter rod ABC was been bent into the shape shown. Determine the 
deflection of end C after the 30-lb force is applied. Use E = 29 x 10 6 psi. and G = 11. 2 
x 10 6 psi. 



30 lb 


SOLUTION 

Let 3 otk * P. 

Consider •KjV'SieM e't red AS. 

<o - Ifc - (PO*- - 

COi 

Co*> s« de*'* befell n ^ o'P A B 

PZ.* 

~'3£r 

; v p^_ 3 

(yc) a 1 y« ' ~3£X 

BC. 

- PL* 


Cc«us^ l 3 App.lO 


/ J AppjD ^ 


(y») 


m 


3er 


S op €</'■ po s » 4 r 

ye * (ye)i + Cy 8 \ ■* fyf^nr 
» -'PL 3 ( 


GvT + 3£r + 3cr 


) 


_J£i I ('EX + 4^) 
■ -EX ^ 6r 3 ' 


p*U: G = iuwo>f, or* £(*)* - fflET * o.omao 

E*v*io h psi J I * is * o.oonwa -.*' 

El- ZI7.1IX/0 3 Jh-,S GJ ■ 167.78 *|o? it- 

. .. (3°)^ / + 4 s ) r-O.IW i«. 

J«-' - zn.ztxic? t I67.WMO- 5 3 / 

y g » O. 1 775" /m.iI 




PROBLEM 9.97 



r — 

\aJet 




9.97 and 9.98 For the uniform cantilever beam and loading shown, determine (a) the 
slope at the free end, (A) the deflection at the free end. 

SOLUTION 

Pia.cc 3. - o 

Dy^o-v^ gfj pa 

A ' 

* * L - *L - |L 

e*; A r A - - i fj 3 

i ®g 5 ®A. 4 ®8/A 

/v /-V ^ 1 iA/ fc? J. VJL S 

Qa ~ ®*/a T O + 1 El ~ FX ^ 

By S*co»cl • av-ca +Uo\retv\. 

t A /B - xA = (fO (-ijfjf-) z ~sf^ 

& 5 &/« r "vli — 



no 


PROBLEM 9.98 



t” 

L~ 


pe-P- fa*. 


M/£t 



9.97 and 9.98 For the uniform cantilever beam and loading shown, determine (a) the 
slope at the free end, (b) the deflection at the free end. 

SOLUTION 

P-Pa.ce ^8 ” ^ 

r O 

M a s -i 

eor^e c*-s ciA.'c pat^loo^. 

A - - ' "*» «■ 

X * L - £ L " 5 P- 


J. 

~ 6 EX 


B ^ £< «•* i -Av-e^. 'H'Corevw 

QqM r A - “ ii 


©a r + Qs//< 

/ t*fc'L a I vo/.* 

0 A - - 0&/A r 0 + a** gj ' ^ ei 

8^ seco^^ 

Y* * L A/a * '30 ET 





PROBLEM 9.100 


9.99 and 9.100 For the uniform cantilever beam and loading shown, determine (u) the 
slope at the free end, (b) the deflection at the free end. 



SOLUTION 


ref. 


~T 

xi 






PJU.C.C r'C"fe/'€* r '<ic <xi A. G a - ° 

IVaV V (ske-cc/) <X.*A . 

A, ■ -®)M ' - ¥ , 

A , 1 


* a + ice = i a* 

y z - l a 

A - A+A -*-Bk 

- A 1 + ' El *- EX * EX 

0 S - 0 A + ©*/* r "I gf” -- 

By second mo‘^en'1 - ovs**. ‘Hteorem 

I.,' A,,,.*.*.. 

- .iLfiai 

6 £X 

3fa - r aM - T EX 





PROBLEM 9.102 


[• — L/2 — ► ■* — L/2 — J 



M /BZ 


wL 2 _ 
‘tEI 

3wC 
~ SEX 



9.101 and 102 For the uniform cantilever beam and loading shown, determine (a) the 
slope at point B, ( b ) the deflection at C. 

SOLUTION 

P4U.ce v'effcTevvc.e ah A* e* = O 

OfAW V (ft j* eat'*') ~-r 

(cl) Slope ah B 

a - i/3wL^ yL\ _ _ 3_ *dl 

A, *-K“igr)vi * ' & HX 

*x—iQ 3 £Xi)’ -» Sr 

7 w/i-^ 

dg/ A - A, + A t -V A 3 * - <f» ET 

6g 5 * £«/a r Hi" -- 

(k>) Pef^ee/h©* oh C 

x lc -- f-r * 3 l 

s,«. - i'£ 

^C/A ' A» *ic + 

r (~il li X*0 ’ ex 


Yc c £c/> = 


- 3 — 

r ~ I9A £l 




PROBLEM 9.103 


9.103 For the cantilever beam and loading shown, determine (a) the slope at point A, 
(b) the deflection at point A. Use E ~ 200 GPa. 


26 kN/rn 



SOLUTION 


W250 X 28.4 


I o % 


I.W? 


10,7333 


QmiIs* Fo^ees V J $o.v\ 

E = 200 » IQ ' ft 

I - 40.0 * IO fc = 40.0 WO" ^ W)* 

El * {.200 »lo‘')(Ho.o»io’‘) - g.oo*lo* 
- 8ooo kM-v** 


M/El Ly pA.r'Vs . 

M, _ (\& Kz-z) _ „ 


- 3 -I 


?000 


MS'* to' 


A, - *ld')(*.Z V 5 . 115 * 10 * 


l 0.0$ 


>< . - i 


r - 11.846 Wo’ 4 w," 


(* — 2.025 v o.o$^*~ * ( ~ ~ 0.7 333vr7 

s- (#& )(*-? >*. r _ 11.846 Wo" 4 v*T' 

EX 00(&><k> 3 

A z - £(-II.S46*|0’ 4 )6?.7) -- 10.662 Wcf 
w.4. W c X 2 * ’ 0.675 m 

re?e^e*Ace <ct C . 

0 C - © A 4 Qcm s 9 a 4 A, f A z = o 

0 A , -* - Aj. p - 5.115*10*+ 10.CC2WCT 1 

sr S.T.'X * to~ J 

- S.2Z*I°~* ^ 

y* - & - ■* 

- 0-0+ A# x, + A*A 

, 0 -O 4 (5.445 X |cf* )([.7667 ) - (IO.C62 * to' 1 ) (2. 02 S’ ) 

= l x lo“ 3 hn = )0. 23 i 






PROBLEM 9.105 


9,105 For the cantilever beam and loading shown, determine («) the slope at point C, 
(b) the deflection at point C. Use £-29 x 10 6 psi. 


4 kips/ft 


t.S Wf* 



3.0 in. 

u 


l£* H/£I 



ref. +- 



" t c /A 


SOLUTION 

L>v\;*V<. * Fo^ce^ <'" kv 1 ps > ^ 

ps; =^wo a K* 

I r , U(,.sV r 'dr.VGOt 
- gos.m k.'f> --P+ 1 ' 

Oro.^ Jiaj**** ^ p^+ & 

M, _ (LF rr -3.7W4S' A/d 1 -ft 

-£1 ‘ ' 8O0.7H 

A( ^ I 3.7 t *6S'WC>‘ , )00 T -3-7^SFy)o 
X, r ££*) * O.d^Ql & 

M* _ -r - *• ft 

El goo. 7*/ # 

Ai r -O.4W7W0 

- - J. • | - 0.33333 4+ 

pj^oe re-Te.~v.ee fwjeatwtA. ©A r ° 

©e/A ^ A, + A, - - 4.Z^/d* ^ 

6c r ©A * ©CM - * t0 '' '*'* 


-e/A 


+ (t.ertTOC-O. ■‘#3337Wo- 5 > 
r ~ G,7/ */0" S -P+ 


Ve r y. + + tc " 

,0.0 -S.BZv(o' 3 = -S*t»lo ^ 


PROBLEM 9.106 


9.106 Two C 6 x 8.2 channels are welded back to back and loaded as shown. Knowing 
that E = 29 x 10 6 psi., determine (a) the slope at D, ( b ) the deflection at D. 


1. 1 kips 1.1 kips 1.1 kips 


[— 2 ft — ^ 2 ft — ^ -• — 2 ft — *- 


SOLUTION 


H/cr 


6.6 \CA^ 

Pi V Z 44; 


H.H I \/J^ 


£1 |2 



*\k& 


: H k“p s i iw -ff- 


C6X8.2 £ - JW*/0 4 p*f * 2 ** 10 ? W.* 

I r (OOS-O = 24.2 in 4 
El - {.21*1°* )&£-*') - 7S1.& *lo* k'f-f**’ 
' 5**76 k,p- ff fc 

K £U W _ 6.4 ra-' 

ex * Fr 'ex 

A, - 

x, - i (O * * 

Hi. - (LL^L) - - ^ X*-' 

fx ex - ^ 

Aj. ’ i C-gXO'-ff 

x. * £AO * I * 


vV-P. +«.«i. 


"T 

“ ^D/A 
.1 


t3i * - li^ 1 « -|# Af' 

“ - 4c-r>co - -§# 

3,* i(a) t i-Pt. 

Pi*A£<! iretWewce *i A. Qa ~ ^ 


e WA r a , -v a 2 4 a 3 * * - s ™ 


- S'.* 4 * V/O' 5 r**|. 


0. - a v 0 X 


- s.evx/o" 3 v^. 


u = { -m^U(-g)( *) + (.-£)(*) » - *-S^ - ^■«’" D ' 5 * 

Y. : t , r 25.0j?x lO“* 4“+ r 0. 300 m ^ 

JO ‘'0/A 


PROBLEM 9.107 


9.107 For the cantilever beam and loading shown, determine the deflection and slope 
at end D caused by the couple M 0 . 




PROBLEM 9.108 


9.108 For the cantilever beam and loading shown, determine the deflection at (a) point 
B, ( b ) point C. 


iv 



M 



SOLUTION 

a - !/__]_ WO-* - _ J- 12 IS? 

A . “ 6 Ejr ' 

a ^ * EX * T Ex 

h - _ -L J^ 3 

3UfI J a 6 EX 

fif-uce y cp 

Ox) D eWe e/f » o* a4 8, 

t BM » A, (ia.')* A, (§*"> 

-Z wa 4 

“ ‘36 £jr 

f X ,S!d£L H _ 

ya ‘ l b/a ~ “36 EX 

(b) Dc40ec.4ion *4 C. 

te/A - A.Ca+^a') + A^Ca+fa.^ -v A* (a-^a.) 

-CilfW) « -% 

, _ + _ 97 -- 

Yc ~ ^ - " ix er 



PROBLEM 9.109 


9.109 Two cover plates are welded to the rolled-steel beam as shown. Using E - 29 
10 6 psi., determine (a) the slope at end C, (b) the deflection at end C. 


4 kips/ft 


W16 X 26 


lo* M/£I 



<X60 IS 



12 jjiP 5 3 SOLUTION 

i - 'i j fc Por' W sfc.c^ sec4~i'o*\ 

Sjljc T a - IS. 67 ih 1 Z ^ 30 1 ,\n H 

I ] W16 x 26 F"o^ 'f’Kc “fw® p-tk-fes 

I = 2 [ ikCcKI)* + «T] 

" 270. 14 i"" 

A^B El, r(^^o')C3o) + ^‘?0- < /)= 17. IS”! *>* fcf-rn 

- I V "=! I O ? 

os^f 1 B+^C BI Z * (ai^Xa®^ - S.727 */o tf top-iv*' 
0.30131 " £0& ' 8 k'p-^ 

Daw ^tA.^*** tj p4*“*K. 

|£ r -#$rf = ft" 

*" A| _ _ ^(a^ointicr*)^-) =- _ *t.o ?i»/o‘ s 

ft * ~ mio’l 1 -O.3oa3v|o- S ft-' 

ItT -o.^^x/o"^- 


V«rP- l« 



“i (o.S?37- a 3023 Xk> 4 )(3) "-O.H37//0' 5 


Ik. r - . o 6045 “x to' 3 -PT ' 

\ ex, (2x111 ron 

A 3 - - ^(o_6oVS*fo'' 5 )(6') - -1.201* to~ % 

PJ/(LCe reference +*M^eVf’ cjf A ^€W y* = ° z - O 

Cct) O c r 0/» + 0 c /a r O + A, + A r + A 3 - - S.13*lo 3 <r*A 

G > ) ^C. r 4 ^ 4 ic/A 

* o + o - ft.oSlWd^Xc) - (o.HS 7 ** 0 3 X*) - (L20l*tu % )( 7 .s) 


- - 37,4Sx/o** -ft 


0. 413 /n. 1 





PROBLEM 9.110 


9.1 10 Two cover plates are welded to the rolled-steel beam as shown. Using E “ 200 
GPa, determine (a) the slope at end A, ( b ) the deflection at end A. 


30 kN/m 


20 kN-in 



5 X 120 mm 
\ 



C i W250X 22.3 


SOLUTION 

* Forces **** 

E = Zoovio* 


io* tf/et 


-4 o m U- 


•o.c — 



El » feoowo'x^wcr 4 ) 

- S,72*lo c “ S72o kV‘Y** 

Firo^ 8 C .1 - T w +• 3 Ap ci +• ^Ip 
A P - S*izo - 60(3 

Ad* - - |0. C) 63. x /O^ »nwi 

Ip* Ta O^X^) 5 s O.oaf^Sx lo u 

I -[^3.? 4 ('2)('lO.043) 4(2 )(O.OOUC)]x/o 6 ^ V 
k r H<T.OS */0* r m.02* (o'* ya* 

El * 7.»ttTK/o L N-^ 

- 7SOS kM-^** 


Drav«/ ^ / £1 

A fc e ^ — sffe- * -3.^0 4-/0 • »' 

B 4» C |£ = -^gr r -Z03T&«I0 % * 

_ (3o)Q, 2) _ - 7. 2036* 1° m 

er "(l )(<?S 05 ) 


A, " C-3.H 4 <tfx| 0 S )( 0 . 8 > -2. 7e82*/o'* PJ ace v'eTev'fe*\ce 

- (- ?.<m8*(o~ a Xu2)- ~?.W3x/o' J «V C. 9 t “ ° 

As " “ -0.33i^/o" 3 

(a 1 SjPope a A 0 A - ©<. - ©»/c =■ O - (A, + A.+ A 4 ~) - 6. IdWo'V’l -* 

(V»*l De-T-t ecdi'ow at A 

v . f T (-fc748Z*te‘*)(o.HH(-t^7®W© 5 Xi. £ f') f (-0.*a/a<id*)6.7) 
u* A/c , i _ 

- - g.03 * lO~ *n = £.03 »"* + 




PROBLEM 9.111 




H/.er 


Lift 
K 4 EX 




9.111 through 9.114 For the prismatic beam and loading shown, determine (a) the 
slope at end A, ( b ) the deflection at the center C of the beam. 

SOLUTION 

Pirt.ce v'e-Te/'e^ce C. 

0<l r O j Jc " " 

Re«xc.fi’o^s r l?5 “ P 

* Be*vJir>^ at - C. Me ~ "^P^- 

A - i/J .BL\(J=.\ _ -L-14! 

^ ’ 16 EX 

(a.) SJope ojt A : 0* “ ~ ®cJA 

A A j-££ _ _-l.£L x ^ 

^ _ it Er " ex 
(b') De-Piecf « O'* *-4 C 

*c * - A(i') - -Cities ^ 


v - 

je. n et 



PROBLEM 9.112 


9.111 through 9.114 For the prismatic beam and loading shown, determine (a) the 
slope at end A, (b) the deflection at the center C of the beam. 




M/£r 







SOLUTION 

keAw^i COArl . 

FPft.ce v^e-re^ce 4’A.^jcn'V C. &C, = ° 

iov\s - Q $ - "a. F 

V C s ^ e ** k '') M/fX 

A — J\ _ _L / J_£t\ Jr r _L £L 

A, - A 2 - X ^8 EX ' 64 El 

(cO S-Pope A 

e* > Gfc.- ©A/c = - A, -A, 

_ _-L £L? 

3* El 

(h) v<UtA; 6V\ <Sl"k C 

* ~ *A/c. = "(A# tf * A 2 3 ) 

.. / i- EL 1 . L 4 J-Etf-L) 

i^Fl 6 - + <h ei 3 ' 

- _j-£L? 
k - ./*« ex 




PROBLEM 9.113 


9.111 through 9.114 For the prismatic beam and loading shown, determine (fl) the 
slope at end A, ( b ) the deflection at the center C of the beam. 

SOLUTION 



M/£I k 

ir 


k-* 


t*/c 


Sy*vv\<dv»c a.// beet*'! 

'Pja.ce 

re-Pey-e^e 

Dv^«oU 



* (jx) Sfope (A A Oa 

a - ga -** - 

% -- ©, - €U - O - A - 

( 1 - 2*0 

re 61 

x T O'* 

- icM r ^ * 


PROBLEM 9.114 



v\/Hr 


9.111 through 9.114 For the prismatic beam and loading shown, determine (a) the 
slope at end A, ( b ) the deflection at the center C of the beam. 

SOLUTION 

1 S v v'a e~\ ri'c g.aA 

l J 

Pia.ce C. O 

ioks ~ 


i ' 


0 c vi d i n ^ m ow\ ~t~ 

0 \}es- AB. 

O'/®*' “BO 


M - WcO< - ^•W/CL" 

M - -i w/a x 






M. wa- 
ll " » 

M* x 

EX " 3 EI 


M*. - _ 4 -ita. 
EX * E-T 


a. tr i 

* L J A » M, „ ± M/fl. 

iT \ Ari !i a ’ « IT 

A a 1 

(a) SV *+ A. 6 a - ©c - d c/* = 0 - ( A, + A, + AO 

- H ifVV) = -ffUL-£<v) 

* -rir 


(M ic**a <*i C 


* - t, 


x, - S «• j ** 5 f ^ > 

- - i e/> - - A. 5.- A,x t - A, x 


- a + ^ r (L+Xa.') 


- XWS?+ X-fl? - X ^/L'- 4 c. 1 ) 

" “3 FI S EX ^ EI 1 

- wctVi.^.!^) , - X ^ ( 3 L 1 - Z* ) 
‘ ‘ £]f l is L jw. * n 


PROBLEM 9.115 

u; ( , = 54kN/m 


9.115 For the beam and loading shown, determine (a) the slope at end A , (6) the 
deflection at the midpoint of the beam. Use E - 200 GPa. 

SOLUTION 


W460 X 52 


« — 2.4 m — 4- — 2.4 m — 
K> 3 M/Er 

XN^A, 


Ic 

A i 

|.*«C 


be<aw> 

■p^ctce ai C. 0*. ■= o 


0.4* 


L)*'w4ff - ‘ *o ^ J^e.v'iCj-kltS I vi w. 

£ * 200 X/O* Pet 

X v 2.12 * jo 6 ** 

EX 5 (400WO*)CUP>/cf*)- 42A»fo e 

= kU*^ X 

+ trr,-CP tf A + P a - iC5H)C^.S) * O 
R a , £4.8 feiv/ 

k- f± r JU.5 

For A c M - R a x - 6 kx* 

A+ C , 

M _ C CHS )(?.«) _ (M.sKm) 

EX “ mtfoo ~ (6) (4 ZHoo') 

s 3. 667*7 WO* - 1.2*36*10“* wT 1 

D*'**-* 

A, - ‘k(2.UW*(0 S )(2.H)‘ 4 .MOJS'x/o"' 

A a r -i-(,, z ^6wo s X?.4)-- - 0.7335*6 */o‘ 3 


Co) Siope ccf A 0 A * B c - 0 c /4 ” O-CAj-tAj.^ 

r - 4 . 4ol5"* lo~* \ 0.7*3356 *(cf* " -3. C7*ftf s Y> fle l. — * 

o.) OeFiec+,^4 c y c - -t A/c ■ -lK‘*o lf »(o 1 )0.4)-Co.73S«*to- 5 K/.^)] 



“ — 5. 63 *lO 


<3*. 63 »vn*o i 



PROBLEM 9.116 


9.116 For the beam and loading shown, determine (a) the slope at end 4 , ( b ) the 
deflection at the midpoint C of the beam. Use E = 29 * 10 6 psi. 


1.6 kips 1.6 kips 



^-3 irn-^j 


II” 



SOLUTION 

1= 2-0 v'« 3 

E = 29 * 10 s 
Er - t29*to')Cl'0) - 5 ^/ 0 * l 6 p.i« l 

Ra 3 Re *■ 

D raw <4* 

_ U>& )0j) _ o.^GSfx/o " 1 ivT* 
*/o 3 

A , - 4 (o- Wssv /o’ 3 )6g) *• v /o - 

A a *• (£>- ^ST^fO"')^) “ 4.46T*(o 


_ *5 
> 

-3 


PJo.ce. •^cTerf-e.^ce -fcn/^e-vf C. ©c = O 


Ccx^t S-Pope A 
(b') £ 


0 A - eb-OcA* 0-(MA^= -I.IHXIO 


-% 


w 


t A/t r l‘+.‘U‘r*to*)(.\z')*(W6i*icr')Cz>.s-) 


- O.IS1Z>'n A 



PROBLEM 9.117 



- Pa 



M/EX 



e 

~r v 
t k/r \ 


9.117 and 9.1 18 For the beam and loading shown, determine ( a ) the slope at end A, 
(b) the deflection at the midpoint C of the beam. 

SOLUTION 


V" o a<r>c\ Pfe = 

0 'Oa'*> M lTA.w\£, 

A - ± &£ 

H) “ H EI 

a 2 = iff 

A a > •+£ 

P_io.ce f-ePe^e^ce -ja^e*^ d C. ^c. = ^ 

(A.') S^up e a4 A . 

e A - ©c.- Qj, * O - (A.+A.+AO 

- .^Bau" — 

* EI 

(jo) d«WW4 i on C 

lyj - A, (!«.) + A a (t*VA,(£^ 

x.Ba% J.^ -. £ Ba 5 

€ PjT 6 EE r2 Ei 

. J-Bx! \ - 

~ *# ej * 


ref. +*-* 




PROBLEM 9.119 


9.119 For the beam and loading shown, determine (a) the slope at end A, (b) the 
deflection at the midpoint C of the beam. Use E- 29 * 10 6 psi. 


17,5 kips 17.5 kips 

20 kip - ft I I 20 kip ft 


G 



Q 


W16 X 31 


SOLUTION 

E- 2‘f*lo c p si r lesi 

I = 375* **n y 


2 ft 2 ft 





2o/£ r 



Er*C?^/o s )(s7r)" io.&7?»io c k 

- 75531 kp.-ft* 

CA**U J*e eta? 

J? A - R £ - 17.5 *.>* 

Ma - “ to k.'f *ft 

Ma =■ “to ♦ (n.5)(4)* -to + 7o k.p.ft 

H e. ? - ao * 7o k.p * ft 

Draw M / £X pa^fs. 

A, * iCr&XO * iw/eti 

A t - ~ Wo/ei 

Ag r -fr°XW = -/to /M 

P-Peice refer«*ce *t C. Q c =° 

(a) 5 Pope at A. - © c - ©</* 

©A r 0 -(V4 2 *A,) - - U*/£T 

tf-g.— - - 2.| I? xjO* S 

wai 



(b) Oe fiiec-f » on <xt C tyc I r i-A/c 

Wj r J-{(lio>(a|) + (Hoys')- (iao)(3)] 
E«X 

ri 


713 j 
E*X 


75331 


q.*4M£*IGT l ft - 0.M33 tV V 





PROBLEM 9.120 


9.120 For the beam and loading shown and knowing that w-8 kN/m, determine (a) the 
slope at end A, (b) the deflection at the midpoint C of the beam. Use E = 200 GPa. 


40 kN • m 


40 kN • m 


SOLUTION 



W310 X 60 


M/£X 






^ Vef. -ff* 


E - 700 x/O** Ptfc 
I = \?<i vio* - 12°! *lo~ c ir'* 

El - (200 *io')(\2qxlO~*) T 
- 25 800 k’W-**'*' 


w *v> e-f ftc& i be 

P A = * iGYio') = tyo w 

^ x - *\o - a( 8 )* V 
M X £ 

M ■= - loo 

£*sH= ' '" , 

JT ’ dfe ' " • l °‘ "" 

-£k- r ■■ -Sy- ~ - 3. 8 IGDMIJD* M' ' 

El 25*00 

19.38© * X. " (s&V 3.3 333 m 


A, T r I9.38©*/C>“* *, 3.3333 m 

A z r -0.550^) (5) - -7 .lSZO*IO~* X*“Ci)6^* *-S* ** 

A**~i (3.876oX^) T -£.4400*/O~ S *j r C? >fr) T 3 - 75 * M 

Pib.ee. refW-eKvce a.1 C. ©c = ° 

(At S^ope A A. e A ' 6 L- Se/A 1 ° - CA - 4 A *- J 

0, r -.(II. MOV (O'* - 7.7«0»(0' S - t.<*600*IO l ) * - S’. 17 * /cf 1 ^ 

(b^ 'De-T^«^<o^ C ^■A/c. 

= (|<7.3go>/0 3 X3.3333')- (7.733o*/cr S X^.s) - (£.9400 v /Cf* Xs.*^ 

, 2J.O x IO~ s vv> - 21.0 l 



PROBLEM 9.121 


9.121 For the beam and loading shown, determine ( a ) the slope at end A, ( b ) the 
deflection at point A. Use E = 29 * 10 6 psi. 


9 kips/ft 

m 

k 


1 35 kips 


9 kips/ft 

pflD 


■6 ft 


-6 ft- 


3 ft 

16 s M/Er 


3ft 


W14 X 53 
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SOLUTION 

E = 29* lo*f?s; ■= 29*JO* ks,‘ 

I - 5VI ih" 

JSl^v/O 4 ks/ 

- logos'/ 

D/ssiw \>evu4in«^ v'c^/'Awn. 

El" = ^8?S|^ ’ 0.96 3736 */o‘ s PT* 

A, - (*£ , )(c>.96S73&*(e> , )(6'> * 2.g9\2*Jo' 4 

Mi = -0. 1653.12 x /o~ s PT’ 1 

nr " 

A i »-(0 * 1 65,51 -0.19127* /o'* 

Aj- -i(a/6£*ia*/cf 5 )(0 r-ojtsraia wcr* 

pi<tce y'efe^e*«« cJr 3 j w*e\vy poi^ 4 C. 


0C = 4 ^cM " ° 

0a " “ 0^/4 5 - A, - A*. - A* 

- - 2.$9U*to* + 0.97177 wo** -» o.i 6 ^ia-/o‘ s = - Liss*to mi r* 4 . 


f. ■= (7)(2.8 9l2*/o’ , ^ -1 (06* 0.99 )2? xfo’ 1 ) -+■ (2.ZSK-0. l6S3.lO 
= l3.*?/9 */o~ s ft 

t» /c * (HHt.*w*\o m% )+(z)(r0.i'ia7*id % ) 

= 8.591 x lo“* -ft 

Va - t A /, - t B/c = 5“.3*8 x /o* 3 Pf - 0.06 39 in. t 








PROBLEM 9.123 


9.123 For the beam and loading of Prob. 9. 1 20, determine the value of w for which the 
deflection is zero at the midpoint C of the beam. Use E = 200 GPa. 


40 kN ■ m 

ri 


40 kN - m 


M/£I 



ref- +**'* 


SOLUTION 

^ S\i tvth*e4 f IC AiaA • 

"W310 X 60 ^ 4 

- £ W C VO >y\ kK//Kx ^ 

S^vvcl »v» on* e*A"f i v\ kU - w\ . 

M - v5“wy - 40 - z;wx'‘ 


“0o/£X 

l A f x - S 


l?.Svv 

\A ■=■ 25 w - */<-> 

- 12.5*/ 

El 

cJv'cc^/'e* ** 

by 



El 


Define. 4 iOlA 0.1 C iS zero 

A| + A a x* + Aj x 5 *■ ^ 


A __ flo ^ 5) - - 2 qq. 

' “ £J £X 

A If l?.s-iy v^\ . _ 2Q.333 UV 

A 3 • “ r j ^ 1 * EX 

X, = | (s') - 3. SS33 

x* * i(0 * * s w 

X* - !(£')" 3.75' M 

PJccce /'efe^etoce C. 

U/c * y* - y< 1 ° 


C SMJii-)(3. 3 333V(^ 0 K».5^-(l|f^)(3.7S S ) - o 


13 o.ZI w _ ■TOO _ D 
ex ex 

&oo 
W " ISO.Z1 


3. 8*f kW/M 


PROBLEM 9.124 



9.124 For the beam and loading of Prob. 9.122, determine the magnitude of the forces 
P for which the deflection is zero at end A. Use E = 200 GPa. 


SOLUTION 


Sy «4 r i c beaw> 


W200 X 19.3 


M /El 



ref. faM. 


R a - R a - V *£ (P;» 

Sevid m£j »vi e ^ "t 

Over AB M ~ ~ Px kW*vv\ 

CW SC M * -P* +(P+£')(*-l'> 

* £ (X- n - PCO 

A+ x * 2 „ 7 

5.5 - P(0 

Draw ^JiV^rA-ws pay-fa 

A," *<§/»•’>' 

A,' --fff 

A.' ^ 0 - 7 ) . -Ilf 
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> ’ y* s ° 

J/a - y * r ° 
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7. 225 _ 1.7 P __ Q-33333 P _ 


7.2 2 S' 
2.0$33 


3.55 kW 



PROBLEM 9.125 


™5 



L- 


M/EX 



‘9.125 A uniform rod AE is supported at two points B and D. Determine the distance 
a fiom the ends of the rod to the points of support if the downward deflections of points 
A, C, and £ are to be equal. 

SOLUTION 

i.e+ W " weijM* per- + erf i/'oJt . 

5 J be*** J?oaA\n<^. 

R{1 T R© - ~k ^ 


yvv o*vi - 

AB 
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A, x, V A t s» * ° 
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4o 3 - 3o + i = ° 

S U - O.ZZSIS 


f =- 0.223 


a r 0. 223 i. 
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PROBLEM 9.127 


9.127 through 9.130 For the prismatic beam and loading shown, determine (a) the 
deflection at point D, ( b ) the slope at end A. 



SOLUTION 
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r 
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PROBLEM 9.128 


m, 

3 

r 

A 

?p 


M/Er 


,|fL 

5 er 


9.127 through 9.130 For the prismatic beam and loading shown, determine {a) the 
deflection at point D, ( b ) the slope at end A. 


SOLUTION 

£ *)JH, = 0 

Om, * o 


ft -t? 4 L ♦ 

f+f? B L*o f? 8 -e> 

-jV a. 



A. -?f£ 

~ -I iPL'\rt!‘- , <*\- i Al! 
l b/a " V ^ EX 3 3 ' *» fx 
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*-d/a " \ T fr 3 ' si 6"x 
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X EL 1 4. * 11 ft! . jl £L 5 1 

' EJ >5 81 g-j ^ El 


(b) A 

e. - -V 


_ _tiit r La ZLf 


*' EX 



PROBLEM 9.129 




M/er 




.j -Ek 

it. El 


9.127 through 9.130 For the prismatic beam and loading shown, determine (a) the 
deflection at point D, (b) the slope at end A. 

SOLUTION 

■ s = O -*> L 4 n - ^ O 

->i Ozh, - o +-p^ +p B i=o 

V Cskea/- ~) oj.c\ JtiA.*/* m . 

-jip A.- 

A,’Ki 

> a s - -5*? 

® pp ace rePWe^ce A. 

C U.’IAgS(V 

*<« Wifi-i-i-) 
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Lt>/^ • V 31 EX A J “ m EX 
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^/r> T r 

W Sinope ft.i A 


- p£_4/Jl£l!\ r - 

m ex ex * 


768 Er 


_ . W. 3 ?L Z 

L ' »** Ex 






PROBLEM 9.130 


2r 

I 5 

4 3^ 

L 



m/ei 


9.127 through 9.130 For the prismatic beam and loading shown, determine (a) the 
deflection at point D, (b) the slope at end A. 

SOLUTION 

OM b = o -R a L 

w.l - 1 My- L M; iW a L l -^.L‘ 


D/'a.J Iy par-+s. 

A a 1(141% = ; 

cot.-c A, r ei ' L , ' i rx ' 

A< , / , w.l*\ i r 

I 6 ex A 2 = +C'ier'/ L ex > 

H/ffX P^A-ce rePW'e^ce ■/■*,* a e«n + A. 

‘' ei t g /A ' A, X, * A.*, 

^ L , , k -ft “ ^ £T ' 340 EI 

a ~el 

rw 

y* r l ©a + t>M 

3a - ~ if" = ex' 

A 3 * i(^ : tr~Xs L ') ■“ rr ex' 

A L /L Jt “'jkiV-S f\r - i- -Skill- 

All - 7? v if EX ' *** £ l 

tn/A ? M* 4 M* (l1 „ 

r (^7 ^ '^tT^Ls'i 1 ’) r 29* TT ~ **** 

- 24 wU- 

349C EX 

•f 2 , ^ % y»t_ . /£ i\/ _2— *kZ*\ - - JZ. liii. 

6* ^ - t»/A * 3 L ^> ' 5^r FJ Er J 2114 El 


x, r i L 
x« “ ^ L 


> 
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*' £r r 


uU/ * 9 iVftL 
EX ~ 3<4T £X 


7 

340 £X 


PROBLEM 9.131 


4.5 kips/ft 


f 8.5 kips 

i-2.5 ft-*-U 5.0 ft- 


M/fX 



9.75/ For the beam and loading shown, determine (a) the slope at point A, (b) the 
deflection at point C. Use £ = 29 * 1 0 6 psi. 

SOLUTION 

B X £ - ps ; r ksr 

^ W10X45 J r ZH2 in v 

£1 -C2?k/o')(«0 “ 1. 112 >/o 6 

- 49 9VY Kp.-ff 2 - 

- ZS R a 4 ^.s-)<:7.5X¥") -* (X-f)Cs.o) = o 

8 A - zz.snz k;ps f 

»vvO^€ta‘f 

ft CW AC M= Z7.W2x - K'> -4* 

0\w CB M- 7Z.SHZ-X - 2.2fx z - S\ ^ r ) 


Cl 



£1 


■ i^of 

ei 



Cb^ DeT^cc'l i’d a.4 C 


A,. , *!P 

A^-i(7.rX^)- 

A 3 ---i(sX^f): -deg* 

PJ <*.£€ re-TeAe^ee ‘f&*n^e*t‘ A . 

4m r A,(^) 4 (AiX^^ 4 A 3 (j) - 

A* - ^ 

As Hi (“)(«)* 

t c/A = A ¥ (^) + A s (^f) * ^ 

(°~) s^ope ajf A 

Q r P&/A. - _ JLPL£* - _ fog.6^ 

A l ' i7seT " 




r -2.1? */o' 3 \ 


-- t c/A - £ t, 


. £1 37S- _ (ZS\ j^L £5 . ... ??0. ) 4 _ _ «6.U . ,. ,.J r . 

><- El Ur) £J Ei - q^T - -Ft 


0.06'^ ;„. i 



PROBLEM 9.132 


9. 132 and 9. 133 For the beam and loading shown, determine (a) the slope at point A 
(b) the deflection at point D. Use E = 200 GPa. 


140 k'N ISOkN 


1.5 m 1.5 


V (kM') 


M/El 


Af fri K 


W250 X 44.8 


SOLUTION 

E - Zoo > to * Pa 

I " ?1. \ y jO* - H.MO 


« y 



QrUooWo')(7/.lylo‘‘)- \H.7.Z>!o c 

+ )TM g ^ O - £ P* + (4 .sK4o >4 (3 )(*©>* O 

R* =• H-o kU. 

"Df-d.'O .sJiea.*'- al i f'A ^S. 

A,. *(|§Xl.O ' g 
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A,. = II 

PiWee rd-Fe^^c* -f^n^enf A. 

t e/(l * A, (is* o.s) * A t (3 + 0.7b') 
« 4 A.O.O - W- "• 

t 0/j( - A .O-S-fo-n + A, (0.75') 

. isax 

£T 


N c , 4 a a _ u* . - 7^.r r _ u3.?r ^ -m-2£ 
^ Siop« AH A ~ £ 6 ex Ex 1 422o 


(b) DeWecf u>«* d X). 


f _ *£ * 

H>/A L J 


= -8.7o x/o"^ \r<J. 


5- _ r _ ims 

“ \<£ rr * r-+ 


14220 


r - )S.OZ»lO~ * 


Iff*. 03 *»»» 



PROBLEM 9.133 


126 kN/m 63 kN/tn 



W460 X 113 


Yl/ET 


. . i . — 



9.132 and 9.133 For the beam and loading shown, determine (a) the slope at point A, 
(b) the deflection at point D. Use E - 200 GPa. 

SOLUTION 


3 £ * 200*1 o 9 Pec 

; 113 , . 

I “ * I O YAY* T SS4 * 1 0~ Yn 

El - (2.oo*io 9 )(sS6* lo' c ) = 

- ktV * wn l 

O TM e * o 

-H.nRt + 2 Xs.3 ^ + (6s)(2J X/-0 - o 

R a * kfj. t 

-(MUOtea IG.O - tesKa.alte.S 'i -*■ R s - o 
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El • a )l| Zoo /.37I ox/o m 
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At r £ (*.* ) .. - ?. o/oi?* /o'* 

A, - £ j&-(2-Z) • 3, 7704 x /o’ 3 
A, * a - ~ l-Ooi-W x /o' 4 

PP&ct r-e-Fe^e^ee 4*w^f-d a.4 A 

t», A - A, (jt.ISM) + A x (2.7 5) + A»(Af«67) + A, ( 1.65 )= 13. 87“/ * !o' 5 » 

i./* =• A, (o. 7 ss a ) + A t (o.sff ) = ?.7CH7 */o' 5 m 

<M SHapt <A A <S> A -- - ^ 1 - 3.1V x/o J tMl -• 


(la') Defied i’oh «4 3) r to/* - ^ t®/. 

•y # = 2 . 7 CV? v /o'* - ( 5 ^ K 15. MV » (o' 5 ) * -H.lSy(o' : 

“ H. / S' **** i 
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PROBLEM 9.134 


1.2 kips/ft | 2ki P s 
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H | Ck.y» *-f4 ^ 


»*ef. Pa*''- £ 



9 . 134 For the timber beam and loading shown, determine (a) the slope at point A, ( b ) 
the deflection at point D. Use E = 1.5 * 10 6 psi. 


> •5 in . SOLUTION 

ri 

I T !*$[&£)( 7.5 ) 3 - 123. Of/7 i‘h 

7l5 | i n ' £ - US’ >» /O* p*» ■= J.ST* JO 4 ks<* 

SI t ism.S 7*JO - 1231.7 kVp--FP** 

5IM a = o 7‘f?* - (**£>- CuXOfe} - o 
R B - 2.s Kp. 

kc^lj'ncj *n0t**n+ (oy pa^fs. 

I T ? (2.3X77 5 17. & 

M* - - (l.2 7(M7(2-) s -7.6 U.p.-ft 

H 3 - - (*)CO - - lo k •> 

A, - ■ £8-6 

A x - idH-’-O = - '?• 8 

Aj, - i (s)C-io) * -3S-.0 Wp-ft 1 - 

pfTc /'«■*’<?* 4-A^^e « t */+ a. 

A 

• L 


E IttM* A ( <7-|) 4 A. (7-0 + A s C7- i') - HO.O ic.p.-Ft' 

/ At- £ J * 0/ * T l,Q -° .. 7 - /2.26 y/6l s 

PXL (US 1.7 V( 7) 


A*’ 5 (>*»•« **«» k-p-fH* 
Aj = i (s.c Xs ) - 14 k.p-ft 1 


Ah fs- *> + Ar(f’V + A t (s- l)*A 3 (S- f) - sz. 12 2 k.'p-fU 

>3 

52.133- r - 26.^38 ki'p-'Ft* 



EIV r 

Ely. - 


26. 43~8 

mi. 7 


r - 20.63 v/o' 5 -ff * 0.24€ in. i 





PROBLEM 9.136 


9.135 and 9.136 For the beam and loading shown, determine (a) the slope at point A, 
(b) the deflection at point D. 




SOLUTION 

OZM, * O -f^L + (iw L\±L) - O 

A -1/3. *£k x> \ I - -5- JfiAL 1 

2 V* E j ; /(> EX 

A _ _L ( ~i )£lL. Z \ I L -!ALL S 

- “ s v a £- x J L 4 £ J 

A - JL fl id?') i , - JL ad! 

^3 ~ 3 V 8 £j ' * *13 £X 

'3 


Ka = I wl 


a.ce re-Te^e^ee A. 



is/zt ■ 

a, i - 

A*. ^ 


j.jazL ¥ . 

Xttt? . 


EX 

2H El 

CoS) SJI ope 

o-t A 


Ga = 

n 

i 

i wl 3 

EX 


J. ad? 

xr 


t*/A 

A. C 

£**)♦ 

A,(^ 

+ 40 + 

A,( 

I.V) 
i a > 



j51 

wL** i 

*4! _ 

J. "L* 


3 w£? 



3« 

EX “ S 

EI 

»2« EX 


128 EX 


(t>) DefJ, 

ec'fioi') o-i* T). 






> ’ 

^D/4 

Xp 4- 

- r h 

8/A T 

3 wi* 
128 £J 

3 

a 

j_ 

* *8 El ' 

_ i 

“ la* £r 


yp 


_L_ «L1 
M> El 





PROBLEM 9.137 


9.137 For the beam and loading shown, determine (a) the slope at point C, ( b ) the 
deflection at point D. Use E — 200 GPa. 



SOLUTION 

E * 2oo * io * ?o. 

X ■ 1 gs * l o *” “ i (sS > i o ** 

£J = (XOOv/D 1 )0^ y ''°'‘')- 23-O y /o‘ 
= 33000 kN- w*" 


M/£X 



-OI = O + C5&X2-5 ) -CCoYl.ffXo.75) -- o 

R A r II. S’ 




n 

FI 




bj pA.v- 


H. 


A.* *<^>(*)' 


143.75“ 

£r 

er 






33.75 - 

El 



W 8 


FiA.ce r«£e^e*ce ^ C* 

- A,(|.y)+ 


i7/.8?r 

er 


w, 


(a) Si ope C 

^ ~.!2LM2$- 34.37S- 

^ - . L ’ SB! ' E r 

- - £l^ZiT z — | o42*/cT s -■ 

33000 


37. 76g?T 
EX 


(b) DeTie^'fi’ot* D 


y° 


© c *p/ c + t*>/c 




gf.sry 

330 6o 


- zm»io % 


gf.53 


7 I mm >t 


PROBLEM 9.138 


9.138 For the beam and loading shown, determine (a) the slope at point B, (b) the 
deflection at point A. Use E = 29 * 10 6 psi. 


']0 


2.5 kips/ft 



W16 X 40 


M/sr 



Mjez 




SOLUTION 

40 E " ps,- * &xto*k; r * 

l x * sn 

HI = 0?4*/o s )(S<s') a IS. 022 

- I 04 311 Kp.f-f 1 - 

+3?M & = O «S)(6) “(2.5‘XlSVl.s'i4 lSf? c sr O 

^ = I2.3S kW 

H,= (.U.SSXiS') r J6>.-P# 

m 2 -’ -- K *. sy/sy “ -zsi.zs k:pfi 

\A^- -(.\&XO * - 16-p -ff. 

A, r £(/2S.^Xi5V£T * J3S?.37S/^r 

A* a* KisVfX- -I404.2S /£X 




(a) SA 


«,+ B 


yt<„ A 3 ,-4(«t4HO - -*»/« 

c Pierce v^epe/'e-^cc B. 

te/a - A. Cf-'s'i ♦ A^f-IS^ 

^ - MQ.SUS/BX 

=r - /g. V6 S x /o- s fh 

0 S - - = l 8 *^ 8 * *9. ... 3 I. 23 i x/cf 3 

!_ 1-S” 


A, (l-c) - - IIS2/fTI 


y, - t,/c + £. 


1*422. 


- - I8JS » /o ff 


jfz ji } 

a- ~ IS \ ex 

-f-f * O. 221 in.P 




PROBLEM 9.139 


9.139 For the beam and loading shown, determine (a) the slope at point D, ( b ) the 
deflection at point E. Use E = 29 x 1 0 6 psi. 


20 kips I 

20 kips 

14 kips 

SOLUTION 

T a 


s X 

Ov-a»*> te^eVvo <\s *f/i« 


D o rdf* -c. 

;4*3ft4*3ft*f*— 5 ft— J 


W12 X 40 


h 



A, r [2' 2£o/ET 


A, - £ “ -31S/ET 


A* “ » - MS /EX 



E “ M*to C f> si T lc*/ 

I r 310 i* v 

EX r */o*)(3jO “ 8. ^ "t& c k>p‘ 

=• 62 4 20 u 


(a/) Sjt&pe cd V 


^ * 


P-Pa.cc r'cfe/'Pocc •f** 3 «*f X> 
t*/ B - A, (‘*-5') ^ A a (c) * -Z7o/£X ft 

t*ia 


30 

51 


_ _ TJJo _ 

l * ?Fr 

- - O. 4 $ 0 s 4 * I o'* , f*J 

•e/r, T A s (f*s) - -5-^3. 3S3 /El - - <7. 343S * /O' 1 ft 


Ct'i » o*^ «t B 

^je ~ ^-ng + ^s/o 


” - C5‘Xo.4SoS’4kJo‘ ,> ) - 7. 3433 "/O"* " - li.75"x lo' s fi 

- O^HlO i". -t 







PROBLEM 9.140 


3 kN/m 




-0.25 m-»4-*-0.25 m- 


Bt 


ET M 3 


9.140 Knowing the beam AD is made of a solid steel bar, determine the (a) slope at 
point B, (c) the deflection at point A. Use E = 200 GPa. 


SOLUTION 


30 mm 

T 


E = 200 * io ' ?*. 

3U mm 

-4 P I * Cl.Sx/o' mm* 

30 mm “ ^7 .Sxicr' 

El- )* I3S00 N - »^ v 

r 13. S' kV • m u 

V ZH S - O -(o. 3)6.2) ^CS)6>.*OCo./*r) + SRo * o 

R D * O.QQ7S kN 

Ol ('CL*J £jr Ji by p 

M, = (O.CC7E)(o.S ) * 0.3337S kW-M 

Ma s (i.a)(0.sO * o.ZMo 
Ms — *(3)(0.2<r) v =• - O.O^S75" k 

A,* 1 (0.3S37O(b.sV£j * Q.0ZZH31S /ET 

f\ x r \ ( 0 . 2 MO ')(o.2)/EX - 0.02V /Et 

A* - i (- 0-0937* Yo.2s)/£j * - 0.0O78UE/EX 
Pic.ce ref eve^ce fa^ew t aA B. 


i D/a * A, (f-o.s') + A«( •?•(«•«)♦ o-ar) = o.ozwr/EX 


(a) Si»pe B 


0 - 2 , 0.02*139$" _ _ 0.098*789 

B ‘ L ’ ~ 0.5" El ‘ EX 

- - x|o'' rou4 


t . =■ A z (| (c>.2^) - O.OOSZ/EX - 0.237 o4*lO~ Z ^ 


lb) Defied IOM A 


> y ~ L Aa Or 

r 0.23704 xlo'*’ - (cu)6- Z.CNokto~* ) - 0. 960 > lo“ s 

- O. 960 vn«n t 


A6 '-'R 





PROBLEM 9.142 


9.141 and 9.142 For the beam and loading shown, determine (a) the slope at end A ( b ) 
the slope at end B, ( c ) the deflection at the midpoint C. 



SOLUTION 



M/er 


■i £J=- 

H El 



A - ±(±EL\(L \ r _L PL! 

“• *■ ^ U er l\z I it ex 

A - i/l£tVL\. J_ EL* 

^a. 2 V.S El At) ' 3 A Ei 

ov.e.e_ ce aA A 

te/A r A, (“5 + 3 £ ) * A* (35 ) 

(pi) S> 8 ope *A A 

A _ -£ ££ 

' ~ ~ ** £T 

(b) SJ/ope <A 8 

8 a - 0 A ■+ 0 B/ * - 0^4 A, + A t 

r - f + JL f£ 

14 El ^ 61 31 El 

, J-EL" 

** Bl 


A, (Hi - iSr 


(o') De-fJeci ton «.f C 


*«. f- , . ± ££ 3 _ ! / JL EL' ) . 

- — Ib /a - , a El *Ut er I ' 


j_ £L? 

« £T 

-L £i! I 
<H Er + 



PROBLEM 9.143 


9.143 For the beam and loading shown, determine the magnitude and location of the 
maximum deflection. 



SOLUTION 







Id 

ET 




PiU.ce re-Fe^e^ce. \ <tt A • 


A - 

i<-&u ■ 

_ X H>L 

*■ xr 

£b/a : 

. A(i) ■ - 

X M.L* 

©A r 

t*/A _ X 

MX 

- — - c 

EX 

H 

* 

<c 

X/Ma *k\y 

2 v^X L ' K 

x M„ Xk x 
* EX L 

e* = 

©a + ©*/» 1 

e A 4 a** = o 

X M<X 

_ i M„ V 

- o 

6 EX 

* EX L 


X 

- & L 

-* 

tit /A r 

A* (i*«) 



- _ X. H.y/ 

* eil 



X M„Xi«r S 
6 “ixT 


defJe * >Tidw 

* ^ f _ JL HqVic * _ X< / M» l* ) 

> - U - 17 ‘ 6 £ Xt L V CEI ' 


517 EX 1 




PROBLEM 9.145 



9.144 through 9.147 For the beam and loading shown, determine the magnitude and 
location of the largest downward deflection. 

9.145 Beam and loading of Prob. 9.130 
SOLUTION 


£* = i w.l 



> wX Ai x * L 
6 Bl 


L D +5 Ha *■ O H? A L+(i*0(iO* o £* = 

—Jj~ *. 

' 3 L H ~ ^ X* 

. ±*fr(L*x - xM 

M//£± > u/,L v A-f x - L M = - i^oL 5 '- 

A - -L(-L *U 2 )/ - -L . 

“ i - * v G EX ^ ,a EX ** " 

,wl l A - -L (-X i = --L y - 

^ t & El IL *1 ET X * 

^ • Figure refe^e^ce art A. 

t a/A ^ A,x, + A 4 *„ 

- * SlF - sfe ^ 

Si op , a A Qa - -/ ^ - -jfe # 

A 3 ^ AtfV * *||- L V 

A,- A,(£V - 


v, = 4l 




M/£T 


®«/a ~ A 3 + A, 


ski! { ± 


= - ©* = iZ£ 


7 W/e 


360 ET 


X ^ Z 


- O 


0 H -2o X + Js - O Sotvl*^ -fc/* U 0.5H33 

X* “ O.EMZSL 

A» T -k^ (O.^I1iS) X - 0.0«1/7SS / 4 r J-(o.S-|13S^ L 

A„ - -jfj r - (?.903^SffS X, = i(o.Si^SZ)L 

t K ,„ -■ A 3 Xj + A,*, - 0. 00 3575? ^ 


u/,1* 


r ^8/A " O.OO^STS^ grj~ — (o.i /9S^ 


= - O.OOQ^Z 


0. 00 6# i 



PROBLEM 9.146 


140 kN 1 20 kN 


1.5 m 1.5 m 




M" 



9.144 through 9.147 For the beam and loading shown, determine the magnitude and 
location of the largest downward deflection. 

9.146 Beam and loading of Prob. 9.132 
SOLUTION 

W25 ° x 448 ReW.-^ -U +k« S JA;o« +, tVoL 
IT. 4 * 

El r 192.^0 kK)*^ 

R* - *o few A A, - If 

t _ 793.5 

‘ EJ 

A _ _ J22u2SL 

y A ‘ El 

Lc+ K be fke -PocJi'm of He 
JefiecW**. Assume +M *< bef*/ee* 
C. A *£). 

k/A 0* r ^a + 

- - /^3.7ST A a A 

' ~eT^ + + 

^ _ Jia*2s: + JLS_ + = o 

EX « EI 
■j B us.7r-*r * 1 . 312 s *>. 

u fco 

T I.S’ ♦ U » *• BUS* **V ^ 


-te/A 


A 4 (o + O.-S) + ^ ( -£0 ^ 
&£ (i.sixs) + (^°Xl» 111§ - 

E1 v El 


133. 3^?. 

fcl 


* t«/* 


35.^2 _ WS(iHV - = --rhI 2 

FT ^ 6t tr K 


= - is. 1 1 y lo~ s to - “■* 



PROBLEM 9.147 


126kN/m 63 kN/m 



9.144 through 9.147 For the beam and loading shown, determine the magnitude and 
location of the largest downward deflection. 

9.147 Beam and loading ofProb. 9.133 


SOLUTION 


W460 X 113 



H “2.2 m '*’■* 2.2 m "f/se S iov\ FVob . 9.. 133 

M /El El - 1 1 1 Zoo kU- R a - ZH2.SS kU 

tft/A - 13.8*4 *10"* ho 

e A - . £m . . l 2 J£t*L°L T 

O'/e/' |»c»r-4- / o t\ AD of 

M “ W.S^x - VkJ- w> 

ISIS x - O.SiCSf /.'•)* IO l vr' 1 

** - f a ^ 

o 

- (|.09O6X* -0 .1238*^ X*)x/o' 9 +U 

9* 9 B k -f 0*/, r - 3. 1418 * !G>" a 4 (|,0«?06y/- 0-lStlH e TX*)*l6 S eo 

SoiU «3 £»* X* - 2. »39o7 ^ -m 

A^“ LOIOl+ lcF* =■ 4.940/7 WO‘* 5^ 5 i X* * 0 . 7 / 3,0*. ho 

b Q *~d.l$38H1>'l6 s X*c s r - I.SH 8 37* to‘ s , X t * ^ X K ~ O.S3477 m 

t«/ A = A 5 >V * A 6 X* - 2.SCH */0~ Z Vrs 

$ K r t|(/A “ ^ ^8/4 

* ZSCICylcT' - — ^* ? 0 s.2Zt*lo~ s> ) ? - ‘L/S'x/o'* ^ 

= 4. /-S” -L — « 





PROBLEM 9.148 



M/El 


*4,-i 


- £k 

ZE I 


A - ,-L 

A - ^ FI 


For the beam and loading of Prob. 9. 135, determine the magnitude and location 
of the largest upward deflection in span AC. 


SOLUTION 


. . L PL 1 


P* - O 


Q* * 


EX 


O r<w M/fl . Le^ K 

op e >PeP//« e.pr©*A . 


0kT - 


0* + 0*/ A - 4 £T "* A 


- O 


w V»e.r« 


A~ X / PL %u ) 0 - X EjLll 

A- 2 riH t/ u - * £r 


x £1 xl 1 . X £11 
2 EX Hi et 


i i - * 

U = 2 ^ L 


U = O.ZO^I 2 L 


X K - ^ + U> ? 0.70^ L 


t*A * A ( ^ + f a) - (-ikW^ 0 -* 360 * °* 


- - t 


Vt/* ~ 


O. O IS^S" 



PROBLEM 9.149 




M, IBI 



9 ’/* 9 f or the 5 >eam 811(1 loading of Prob. 9.136, determine the magnitude and location 
ot the largest downward deflection in span AB. 


SOLUTION 


tom s«o 


R-ob. % 146 


Ml . Mi = - J- "i! Q > ml* 

El * > JET Z ET \ “ ¥2 ex* 

Le+ K tc ■f'ke J^OCCt "^ 1 0 *A ©*F l r* o IV> } e cf fort, 


F/ V t>*vj el «* *►%. 

A,'. ilftuXLO.- 

A,' ■ "iff »' 

Qx - 0 A 4- 0*/* * 4- A, + AJ 

t 4i 3 4 in^ lj t . X. A6ii? o 3 

” ** ex j* rr c £x 

--(i*-* 8 ***)#’ , a 


Mot+tftyi^ ly 48 gj 1 - <?0* + / = O 

SoAimj u u - o. wrss - 

t A/l( - A'(|x«) + A^-fx*') 


L) - 0*^3 JXSS* 


X* = O.q^ir L -* 




0. OOS-42 


wi/i wl i 

- O. 005*^ 7?r s O.ooS^Z TZT I 




PROBLEM 9.150 






*9 150 The cantilever AB is a beam of constant strength. It has a rectangular cross 
section of uniform width b and variable depth h. Express the deflection at end A m 
terms of P, L and the flexural rigidity EI 0 at B. (Hint: Since the beam is of constant 
strength, Mc/I has a constant value along AB.) 

SOLUTION 


Mo - -PL 
M - Mof- 

Me (M 0 y/L}(V)/z'i = &n>x/4_ 
I = ^ 

h* 1 


-ft 


Jltc \ « om *,*!■ A 




MoMe4 of ■! “ ta’kl’) ^ -^-o' 

• (fr 

Co^cW et ^ 

_ _ PL /L\>'* 

" £ 1 . I* > 

ci> * • pL ~ 


"A/8 


z nl 

3 EXo 


El, 

13 


3/2 


* PP \ 
3 EX* * 


PROBLEM 9.151 


9.151 through 1.154 For the beam and loading shown, determine the reaction at the 
roller support. 



M/fr 



SOLUTION 

Soppo'-i A a*ei •freat J? A 

M/BX -To«r- Jlonds M 0 . 

ZjJ- 
EX 


a, - i(f£a 


JL ZaL' 
* EX 


A = -/±k 

^ 1 ei |L ex 


= A, (3O +• 


, JL&if _ xMai' , 0 
3 £1 * = ° 


*■ EX 


p * ^ ±k t 
K * Z L 





PROBLEM 9.153 


9.151 through 1.154 For the beam and loading shown, determine the reaction at the 
roller support. 


SOLUTION 

Rewo o\je soppor'i A 1? A as reelo«n<=|* 

O'TfcW M /ex -po,r j/otuds f? A <Kkryd yjJ m 




' A ,(§0 + K(k*ik) 


A pef\ ”hu» 8 








lXrl? 


PROBLEM 9.155 


KB p 


9.155 and 9.156 For the beam and loading shown, determine the reaction at each 
support. 

M SOLUTION 





■suppar'i C CKv\ck 

-VKe Jlocds> Mo a*e$ R. ^ 

Pia.ce v'ePesre^cc +«.»/* ojV A. 



rjSfcfc 

£r 




-2 K,L\ L 

3 ex + * ex 




t/* * -KifeXf-Xk') + 4(*%rXfK|) - + ik 


FX 


" ta/n 


- ^ Xg/fr f* __ f- JL f 

Jc • L S/A “ ^c/A “ * * M 


S4&^ici 


- - TT 2 - 

' 4 f?c + i £ *■ 


_»_ Ho f 
9 /, 1 

£ & f 

9 L 



PROBLEM 9.156 


9.155 and 9.156 For the beam and loading shown, determine the reaction at each 
support. 


D 

DO 



SOLUTION 


f?£wi«i/a S And cc^stdev' a% r\®eloM«s| 

Co^atdev 9o*A& Rg W/ s . 

P$AC*. ’T«-fe/'eAC« t" <=> A. 


'p 

\ 

l i?e . 


nrinn 



-t* i , : 


M./FX 


Jim 

3 EX 


\A/ST 




K' i (.-iff) 1 - =-. 1^- 

k — _L (-L wk"\ - 3 YaJJ 

- a U b'l ) 2 * ex 

A, - = -±t£' 



|«L 


J wX* ~ 
* Hr 


M/fX 



tf/fx 


i Wi> 


tc/> - A,(l 4 d k) *■ ^id.O 

+ A»(±-^h + At(i L ) 

-_,i Ssii - X- £ii? 
i7« er 9 e- r J 
. » *£4? . x aJj 
it Er *• ex 

r-^s: Pel’ J. 2. *dZ 
Xf fiT + W EX 



1 

fJ A , X/l^\ h 
*Afi Ex 'I 


«Ag 

- J_ 

**1 El 


l~Q/A - 


A A _-L. , j_ wj=! 

A - > + ^5 v3 a. / - 7ft, fx + IHM £X 

- *■/* “ SITE tc«. - (’£ + + 

-- i?^ 3 - at «* = ° t 


. j_ m J _ x -k’ _ 0 

' is Ei 24 Hr ~ u 


f?* = ± wL " #*b ’ ^wL-lwL* -£*W- • 

F?c “ - 3 wL " H wL “ ^ 


J/ 



PROBLEM 9.157 


60 kN 40 kN 


I 

» 

-1.5 m 1.5 1-5 m -H 


9.157 and 9.158 Determine the reaction at the roller support and draw the bending 
moment diagram for the beam and loading shown. 


SOLUTION 






. A 


H (kb/***') 



-73.3 


st>ppor-1 ~ ost A ,«vw4 Weed f?* 

'C ) vyx'-> bj pft/- r f'c. 

A,» 

PPft.ce r«"pe/ , c^c« e* f *B. $8 - O 

£*/« = A,W+A l (u^.oi 

4 A 3 (3.o+ fc.0 ") 

= {30.375" f?» - 7**S - ISo}^ - O 

R. - 37.037 WI7 t —• 


M„ - o> 

Me. - (l.S)Ci 7 »37) - SS.& kVJ- ^ — 

M 0 - (3.0 "> (37.037 ■) -CioXl.S) * 21. 1 kV ->*> 

Mg - (-f.SX37.037 ) - (w’Xs') - («e)G-S'> 
r - 73.3 kM. v* —* 



PROBLEM 9.158 



2 ft 2 ft 


t*/E£ 




M (K0-»O 
I 11.1* 


- 36 J 


9.157 and 9.158 Determine the reaction at the roller support and draw the bending 
moment diagram for the beam and loading shown. 

SOLUTION 

Re^ot/e support ft-t *8 a. w! +ir€a+ 1?g 4S 

A,= il&M ■ 

• -i? 

M 4 * -^( 3 X 6 ^ - - S* kw-*. 

A^iC-^XO- -# 

PSa.ce. tAe-Tere*ce a^f A. 0* ~ © 

t 6/A - A.d-io’)* + 

23U.7 _m _ 

■ £1 Er EX - ° 

i? A =• ■?.?<? w t 

m 6 -- © 

Mp - (MX*) ~ M ' w ' 

M c -- (VMKh) - '4-/8 kN-i*> 

M a - (W)0»)- 0oX»)- SH * -34>. I ktO-* 



PROBLEM 9.159 




M/EI 


z wL v 


C-t 

* EX 


6 YW 7 . t** 


9.159 For the beam and loading shown, determine the spring constant k for which the 
bending moment at B is M B = -wL 2 / 10. 

SOLUTION 

' M " T ~j g bo#Uj A13 

JUUUK +^>M.-o 

(J Ay 10 . - R a L + LwL'ik)- 

R A = t 

Sj m rv^fvi'c I oe*k^n CkwA J otuAin 3* ^ 

-free bo^ty ABC +1 2. Fy =o 

|wL 4 F 4 | wL > 2^^- = O 

F= f wL 

DPft-W ^ 4iocJ^A-^ ty p,.fs 

A _ 1 f i SfiftlV = -L !5ik! 

A, - a (, s- Fx ^ 3- ex 

a _ i / !. - . J- JSds? 

Jl 2- ej^ 6 ex 

P0a«:e rerPetre^ct 4a*^e-Vt B. 0& r ° 

j* T ~ £*/« 

* - (A .-%L + A,-#0 

- . -U tfii 

120 FX 

F - - k^ 8 

k - 144 ££ — 

<*• FX 



PROBLEM 9.160 


9.160 For the beam and loading shown, determine the spring constant k for which the 
force in the spring is equal to one-third of the total load on the beam. 



SOLUTION 


Sp-rx'^ -k>rce F ~ $(JIvjL') * & w 

+ 1 ' IFj = o f ? A 4 F - Z*jL 4 =- O 

P* * " S" L 

Draw -jr^=~ A l ck,<^<T'Ca.'~\ ty Pali's. 

A, r - 4^' 

Pio.ce rePeAe^ce- <ai 'B . ©a “ O 


~ *"* ^A/a 

= “(Af'jl 4 A* • Tj L~ S ) 
7 W/- 9 

7* £X 


F = - k y* 

i £X 

Jb 7 wh " 7 L s 

n Ex 


* 





PROBLEM 9.161 


M/er 


c"T 


9. f 6/ For the cantilever beam and loading shown, determine (a) the deflection at point 
B, (b) the slope at point B. 

* SOLUTION 




^ x Use r^o^e^i w\e4"liod . 

-gj. Hy P <a/ '"^ s - 

VJ?AC« Y«f«»re*\ce A . ©a ~ ° 

wl* Og - + ^e/A r 

^fe “ + L© A + tc/A = "tft/A 

A,, ca&xn- 

A," 7 ‘‘li 

(a) D^Mecttoia H 

T i 8 /A T A i ^ + A*CfO 

" I* £J ST £J ^ £X 

(b'i Siop« tfc+ 0 

©ft = ©BA 4 ’ A, + A t 

- tW - +#’ * “ 



PROBLEM 9.162 


9.162 For the beam and loading shown, determine (a) the slope at point A, ( b ) the 
deflection at point D. 


Mo M 0 



M/fX 


A 

Mo 

EI 


N c. t> 


SOLUTION 





M 

w if 

1*1 



A - 

(■feW 

- L Hot 
* Er 

Pj^&-ce reference la. a-f A « 


t 6 / A : 


\ - *.ti±k x 

' ~ 31 £T 


^t>/A 

- A(^ = 

- r Hot"- 
3* fr 

(a) 


A 



© 

te/A 

S HoL 



L " 

32 ET 


De-fi*£ef ion cti D 




4- Xo 

t-D/A " L 

ts/A ~ tp/A ~ 


T 

-L Mjt 1, jg- K/. 1 . J_ 

31 El *•* TT ' M 


WA 



PROBLEM 9.163 


0.5 m 0.3 m 0.3 m 0.5 m 


Bi c i yo 


FBL— — . 


9.163 The rigid bars BF and DH are welded to the rolled-steel beam AE as shown. 
Knowing that c — 0.4m, determine for the loading shown (a) the deflection at point B, 
( b ) the deflection at the midpoint C of the beam. Use E = 200 GPa. 

SOLUTION 


C W100 X 19.3 


joiwt G oa o- body 



Fez **v**4^-^ 

*" Fpa 


2 - 100 20 1-MJ = 


I oo kw. 


-o* ces 


i to L.e.vi**fl*s iv» 


V - Sz> - £o(jt-o*s') -^o<x-l.i> e kb 

H * £Ox~ 5 o<x~o_s>' - £o<x-l. I>° 

+ 4o<x*o.5)° - *fo<x-|. kv). 


EIj*- 2S* X t2S(x-O.S^‘~ <X-M> 2 ^o<x-U>--+ C, 

Ely ? ao<y-u>*+ C, x + C* kW-*> a 

£xr Qj jr oj C* = o 

[xH.C, y = ol 

+( 2 o)(o.s'f + Ct(lX )+0 r o 

c, = - A*1S M-m % 

Ew £Iy s ^ x- 0.5 vm 

EIy g -(f K 0 -®")* * O-O + O -O - (;l. 7S )(o.s) - 0. IC&7 

Fo»r EIy Cj X - o.g ivx 

ETw - (¥Xe-3) 5 "(¥X 0 * 3 f- 0 O -0.73- )0.s) + 0 

= - O. 84 17 kM* m 3 

W l OO x S tr-ojljed sfee/f sc«4»«^ X r 4v77 y /© c m*a 4 “ 4.77 > /O 

El e (^OO vlO* , )( < 4.77 */0'*) - 154 ve lo" M - Jv, v 5 < ?S’4 

(G.) r 0.‘VW’V/0“* * - 0.175 w>~ f 

(W y c - -Q^— r o.nivid 1 * - o.m. 




PROBLEM 9.164 



9.164 For the beam and loading shown, determine the deflection at point A. 


SOLUTION 


Express i** -fe^S sf iy 

"F l) ia c.’j' r£)V\S- 


*-r* ivz n 

w= - aw, <*-£>* 
itt S 1 w -- - * 4 ^ <* - 

',c a y £x * o > V r o] 

j| ■■o + o+c, --o Or- o 

2 "‘ dg , v . _ S£ x « + 

M - -if X s 4 C 2 

[x = o ^ M - ol 

040+C t = o C«-o 

EI& - M • -ifx 3 + w.<x-jr>‘ 

EI^ X ^ -lkfx’,i^<v-i> 3 4 C 3 

Cx-L.er^ro] c,xi«iL' 

EI^ - “ f f X s- + w„ <x- £> 4 C 3 x + C, 

[*- L J £Jy -o’] + 7 ^ W„(^y 4 W.L 3 -L + C, = O 

/** *x w 1 1 


M point A 


x = o 


EXy, - o + o + o 


* -ft « 4 ’ 

W& ^ 

^A ^ fX 



PROBLEM 9.165 


9.165 For the beam and loading shown, determine (a) the reaction at C, ( b ) the 
deflection at point B. Use E - 29 * 10 6 psi. 


SOLUTION 






-8 ft *- 

-4ftT 


E - 2^ » l o' fS . - k*.- 


W12 X 40 


I - 3 lo ; 


l v\ 


M/er 


El r towo s )( 3 /oV kip-M 1 - 

Sf ivocsle^e^^.' n «>.te ^ 

Soppof^ cJt C awe* 4 r«o.f red undent. 

For </<St J tr, A>&4 

V , „ 1 

M t * - i koN - i-i( g f r ^> -f + 

A a r i(-El)( 8 ') ~ £T 

Pierce rcfe^e^ce a,l A. 6^-0 

> * ° 

^ * S,l * ^ 1 o + o *[ A, (f • 12) + A, (ix- i- s')] 

= O = 3 .H <67 k.’pft t — * 



X76 Pc 
£1 


I79G.8 


EX 





A,= i(^X 8 )- ^ 

^ 8 " ig/A r Aj ( 1 - 8)4 AXi-s')* AXf-s) 


- 2^3 


i: - g/** - _ \* 3 .& % 


EX 


X EX 


EX 

-3 


* - ¥M- * 

- o. os?* ;„. J, 



PROBLEM 9.166 


9.166 For the loading shown, knowing that beams AC and BD have the same flexural 
rigidity, determine the reaction at B. 



SOLUTION 

Hre'fwo beAv*\s shown \oz$ouj. 




Let t? c be +Le 

4©i*ce £>e4 u/ee^ 
bc<!L*v»S AC ’BC*D« 


0 

JF 


*< 

jJl 


% 


C<csgs I ccnJt 2 <£ App& w \?l i v "0 4u AC 




Pg.cc 3 _ wa M 
3FX “ gEI 


App-^m^ Ca.se 4 ©4 Append** O Si tv 'f > ^j 'BCX). 

EO 3 


y< “ 


M ex 

e^p/-* 35 io«j 

g e a* _ wa’ . _ R-Z, 3 


3 ex gex "sex 

(\£a a + l l )R C * £wa ' 

5 tv a. 


Rc 16 4- l 1 /*. 1 

W - SO ^4/zMj CL r 2S ^ i. - ^ © + * Ho i *. 


r.’ » «..n a 


16 4 (Ro/zs) 

Usi*^ \>e*w\ BCD <=1,5 A- 'fV'€< 

- I?» L + ?«, £ * O 


V 2 m d = o 


&s T i*i* ist.cfb.1 — * 



PROBLEM 9.167 


9.167 Beam DE rests on the cantilever beam AC as shown. Knowing that a square rod 
of side 10 mm is used for each beam, determine the deflection at end C if the 25-N-m 
couple is applied (tf) to end E of beam DE, (b) to end C of beam AC. Use E — 200 GPa. 



* M 


\ 

25 N ■ in 


SOLUTION 


120 mm 180 mm 


E - Zoo « /o' Pa 

I =■ 4(ioXu>f =• 833.33 = 85S.S3MO-V 

El - ICS. €67 N- m* 



(c0 Qoo pic a ppJi'eA -fo bea.** X>£ 

Fire* M* 


Igo p r W 


fcM** 10 Fo^ ABC He J pa+fs. 


i 

O . ISO—# 


M/ei 

^ M,/*r 

A. 




Mi = (isa.g«iXfrfr2 , , 0o «/o-‘ 

er i &c . cc 7 

±!» = - zso*io x 

E\r 1CC.CC7 

A,- ■4(ioo»to' J X 0 - , 0 r £ x /o' s 
A* = £(-ZSfc>Wd , )(o.3o') ' Zl.Sk/o’* 
Ja » ° ®A - O 

pi nee ■re-Fe/'e^ee f d A 


y c * > 


t a. 4 i 4 


m *a| 



= 040 4 A,(£USO40.O30 ^ 4 A*(C2oo) 

“ - 5*.^ X lo ‘ 5 * * l 

(b^ Coopfe AfpJleJl +* AC 


- IStoWo 


f&7 S ,5 ° X '°" 5 *" 

A s = (- l<ro«(O l )(o.'lo ) - -4S" */o“ 5 

Jc = ^c/A = Ai(o.is) *■ -G.lS*lo~ z H 

r €• *^5” w»*\ t 



PROBLEM 9.168 


9.168 For the beam and loading shown, determine the value of P for which the 
deflection is zero at end A of the beam. Use E = 29 x 1 0 6 psi. 



SOLUTION 




S6 X 12.5 


2.5 ft 3.75 ft 3.75 ft 2.5 ft 




lpe,cn*\ 4 
VJlou c.e. re-JWe* ce. C. 

Draw ^ by p^'fs. 

Assc>^« £fX • y ' ^ i p ■ "H - 

- ('iVs.is')* is ki'p-H 

M* =■ - (P)(z-S) » - t.S? Kp ft 

a, - 4 (£Y*»V ^ 

A.- 

A *= i(-fpteo • - 

^ t«/e. 

y a r y t + te/c 

yV - ya ’ £*/i _ ^-b / <- 


= o 


A, (3.5+ 3.5 ) + A x (3.5+ 1.87 s') 4 A 3 ( 5-3-S") 
_ A, (a.s ") - a x 0.275') 

A, (2.5 ) + A t (.*.5 ) + hJ\.CC6C7) O 


=■ o 


lo.^nS _ 23.4375: P _ ,5.2 38333 P 


EX 


Er 


EX 


= O 


p * 2.45 k: F s 



PROBLEM 9.169 




M/£I 



9.169 For the beam and loading shown, determine the deflection (a) at point D, ( b ) at 
point E. 

SOLUTION 

[W*/ r ^1" Avd «4 v*\S . 

A < r i(*tx)(k') = ac eT 

A - ±( SL - YM - -*- SJl 

A S ‘ X )U] • 18 EX 

Picket re'Pe/'e^e ^ A 

t e/A * A,($L+i-iO*A t (*)+ A.Cf-fc'i 
^ _x * x.£ii x ££? _x£ 4 ? 

‘ 32H El 36 HI 81 £r " gT £± 

^D/A r A, (i-k) 

I Pi . 3 

~ 32W £X 



fce/A “ A, (»■ 3 * s *) 4 Aa.(i* 3 ) 

- _L fi! H J_ ZL* * -L 

- yr £1 j°* EX &*' 


»* £X 


(cl) 'Def'feciit* ad V 


Jo = ^p/a ~ l £ 


x» f _ J-PL^-L.XJPL* 

x ^a/yt ■ S2H El 3 81 fr 


- -& W - - °- o,7Mi 


0 &^ D^-W^c/W** 

, . + Xc + , J-2L 

Jg - ^«/A “ X“ **9 £X 


x£i! - 2 s- Pi 1 
' i?9 EI ® 81 El 


_ . . 00/w al 


PROBLEM 9.170 




m /ex 


m/£T 


r i 

--W 


9.170 For the beam and loading shown, determine the magnitude and location of the 
largest downward deflection. 

SOLUTION 

A.-*l£XJrt 
r (HrXi) ’ to ec 

a 3 - *(|fe W -- Atf 

Pictet re-Te^e^c e 'Va^e^'t A 

t*„ r A,(iL*H L )* A, (s')* A.C^-fc') 

_ JL Hi + x £k s + o.^L 5 » £ £L* 

■ 3^h ex f 34 £i «i ex a* er 


Spopc **t A 


"K V A* 


A - - ^B/A _ 
6 * * — ' 


x _Pt! 
s' nr 



De£i^e/fi 0n is w, iojiti poT'v'f 

e* = e A 4 ©*/a = e^ + A^A^ = o 

o.ss^'mih-j poj^'f K iitl «?v\ 

Ah 5 HW^ U T i ^ 

_ 51 PL\ J- Hi H- 4 £Li! so 
8/ EX 36 ex ^ er 

Li - £ ( ^ 

** -- ^ * u ’ (i 1 i? L 

=■ O. <T37 i -* 

a II ?L 

A^ - aw er 


* T CJ- 

./it n * / » \ _ n Ek s . ilL _ ML JEii 

t*/ 4 - A, + ii*n ex + 3^4^ ex 344*2. er 

M »>****»>"* JeW'«ef»«*A 

4 x« 4- ^7 Pt? _ £2, Xfl 1 - _ 7£L BLi 

J* *= i^/A ~ L r 34WL £X 54 81 ejc EX 3 

= - 



PROBLEM 9.171 


P~J 

V 

r * 


L 

VI. b 


V.5IL 




C ^ SSSN fi 

m 

_ M 0 a 

K 

£IL 


9.171 For the beam and loading shown, determine (a) the value of a for which the slope 
at end A is zero, (b) the corresponding deflection at point C. 

SOLUTION 

S b ' L - a. 

P&.CC ct A. 

^y e = y A + L ©a + = o 4 o -* £bm = ° 

a , _A a = - 

a EZL *• EIL 

A - 1 M*b L « 4 tkfel 

A * ‘ 51 EXL b *■ fJL 

£#/a 1 A, ( f + b ) + Aj ( § b") 

- _J. Hi* „ - o 

■ 6 ErL a EXL 3 EIL 

id O - X 

U s 4- 3i>* -2-0 

So|v/i’m^ 0 • LI r . 0,7 3 3. OS’ 


X 1 iTft. = 0.1SZOX 

O. a 0.73£<?S (L-<0 

- = , L - L 

|. mxo'S 


a * M,a a _ _ 

*• ' * frXL U * 


OM3IG 


' * ~j£XL ET 

£c/a - A.(Aa') a -o.oiaxs ^ ■ o.oizsg i 





PROBLEM 9.172 



9.172 A hydraulic jack may be used to raise point B of the cantilever beam ABC. 
Knowing that after the 20-kN load is applied, point C is to have the same elevation as 
point A, determine (a) how much B should be raised, ( b ) the reaction at B after point B 
has been raised and the 20-kN load has been applied. Use E = 200 GPa. 

SOLUTION 


W130 X 23,8 


W ISOX I*= S.SO^ld’ 



E ' Zoo-tio* Pcl 

EI = &00 x/t?^X 8 * 80>t,0 ‘^ r 1.760 XlO c 

t- 1760 

Lei be +kji Jack -po-^cc in 

A, * »-« kVJ - no*" 

Ax- 

- (i/uz-OA, + (§-s) A, 

- 3. S&8 t? 8 - \gO - O M-*" 

rp - J£o_ ll£ na£ k y 

A, = 75 kiJ-m’’ 

A a - ±(- 6 <>)(\. 8 '> * -S 4 ) UW.w,'* 

Ah - ±(-*00.*)* - Zl.C. kv-^ 


Eli 


S'/* 


1.2 A, •» 1.2. Aj + o.cA, 

12.24* kW-w>* 


, . t - I£* se Ji*± £.«, to’ 1 ^ 

a - i-8/A £X t76o 


C<*> J« 


(f) l? a - *»C. 3> kW 


■=• <0. K1HO 



PROBLEM 9.C1 




9.C1 Several concentrated loads can be applied to the cantilever beam 
AB. Write a computer program to calculate the slope and deflection of beam 
AB from x = 0 to x = L, using given increments Ax. Apply this program with 
increments Ax = 50 mm to the beam and loading of Probs. 9.79 and 9.80. 


SOLUTION 

FOR EACH L0AP ) ENTER 

j c t 

compute reaction at a 

FOR l = I TO NUMBER LOADS 

R** ** + p i 

COMPUTE SLOP? AND DEFLECTION 
USB METHOD OF inrrGRATi'h 
STARTING WITH ‘X-O ANO UPDATING 
TH ROUGH INCREMENTS^ SUPERPOSE: 

( I ) DUE TO REACTION AT A: 

e = r//Ei)(R A x 2 /?.o + m a *) 

l?') DUE TO EACH load with C ( - < T : 

0 S -(|/E1'1 (P,-/z.o) (x-a) z 

y s-(\/EI^^/6.4)(l£-C,^ 3 


>=°, } - 

,* 4 THF CONSIAVTI OF 

IN-tEGPAT'OU FdUf\L ZERO 


CONTINUED 


PROBLEM 9.C1 CONTINUED 


program output 


Problem 

9.79 and 9.80 


At A: 

Force = 6.0 kN 

Couple - - 

X 

Slope 

Deflection 

m 

radians 

m 

.00 

.000000 

.000000 

.05 

-.000578 

-.000015 

.10 

-.001126 

-.000057 

.15 

-.001645 

-.000127 

.20 

-.002134 

-.000221 

.25 

-.002594 

-.000340 

.30 

-.003024 

-.000480 

.35 

-.003424 

-.000642 

.40 

-.003794 

-.000822 

.45 

-.004135 

-.001021 

.50 

-.004447 

-.001235 

.55 

-.004728 

-.001465 

.60 

-.004980 

-.001708 

.65 

-.005203 

-.001962 

.70 

-.005395 

-.002227 

.75 

-.005558 

-.002501 

.80 

-.005699 

-.002783 

.85 

-.005825 

-.003071 

.90 

-.005936 

-.003365 

.95 

-.006033 

-.003664 

1.00 

-.006114 

-.003968 

1.05 

-.006181 

-.004275 

1.10 

-.006233 

-.004586 

1.15 

-.006270 

-.004898 

1.20 

-.006292 

-.005213 

1.25 

-.006299 

-.005527 



PROBLEM 9.C2 

3.5 laps/ft 



I 


OS 

4 J 4 J 




t 


a 


j 


EI0= 

£1 j - j- 

FPcM BOUNDART COND/T/0-VS: 


9.C2 The 22-ft beam A£ consists of a W21 X 62 rolled-steel shape and 
supports a 3.5 kips/ft distributed load as shown. Write a computer program and 
use it to calculate for values of a from 0 to 22 ft, using 1 -ft increments, (a) the 
slope and deflection at D, (b) the location and magnitude of the maximum de- 
flection. Use E = 29 X 10 6 psi. 


SOLUTION 

ENTER. LQAO Length l , <h 

COMPUTE reaction at a 

R fl = CM- { L-ck) 2 / 12.0 LT 
COMPUT E .SL OPE ANk DE FLECTlOtU AT P 

USING 

i - m 1 J 6 

e =(l/El)(R fl <X 2 / 2.0 + c,) 

^ = (i/ei) (fl^A-a + C 'A 


Singularity functions: 

C.--& 


c 2 = o 


‘.-Si V *» L 


COMPUTE LOCATION AND MAGNITUQE OF 
MAXIMUM DEFLECTION 


MAXIMUM) y, 


- 2 
IF X 


m<K\ 

i ^A y 


7 

mo.* 


r 0 = 0 : 

ASSUME 

V -c A: i 

- <x-- a > 5 -+c, 

l^ax - (-Z-O.C/^Y 

6 

6 A. 


* < , THEM 

fr>*X ) 

1 + C, =0 


~ Rf\ y tHa.K 

- /- C. 

IF 

y*..* 

v 


gEG/W VV/T H X c ^ 

: * y 






UNTIL e /S APPROXIMATELY O 

V 3 - a A c,>) 

CONTINUED 


)l 





PROBLEM 9.C2 CONTINUED 


FPpeSAW OUTPUT a theta D 

ft radians 

0. -.00580 

1. -.00569 

2. -.00539 

3. -.00494 

4. -.00439 

5. -.00378 

6. -.00314 

7. -.00250 

8. -.00188 

9. -.00131 

10. -.00080 

11. -.00036 

12 . -.00001 

13. .00025 

14. .00043 

15. .00052 

16. .00054 

17. .00049 

18. .00039 

19. .00027 

20. .00014 

21. .00004 

22 . .00000 


yD 

xm 

ym 

in. 

ft 

in . 

.000000 

11.000 

-.478290 

-.068758 

11.008 

-.475922 

-.133047 

11.030 

-.468860 

-.189440 

11.068 

-.457231 

-.235551 

11.121 

-.441245 

-.269927 

11.189 

-.421192 

-.291944 

11.272 

-.397443 

-.301695 

11.370 

-.370441 

-.299889 

11.481 

-.340699 

-.287738 

11.606 

-.308795 

-.266855 

11.742 

-.275364 

-.239145 

11.885 

-.241090 

-.206699 

12.028 

-.206700 

-.171684 

12.159 

-.172954 

-.136240 

12.275 

-.140603 

-.102374 

12.376 

-.110339 

-.071846 

12.463 

-.082792 

-.046069 

12.537 

-.058515 

-.026001 

12.596 

-.037987 

-.012036 

12.643 

-.021604 

-.003896 

12.675 

-.009677 

-.000530 

12.695 

-.002431 

.000000 

12.702 

.000000 





PROBLEM 9.C3 CONTINUED 


Problem 9.C3 (a) a = 0. 

6 m 

pfiQOftm output 


At A: Force = 43.2 kN 

Couple = -90.7 kN*m 

x slope 

deflection 

m radians 

m 

.00 .000000 

.000000 

.10 -.000905 

-.000046 

.20 -.001762 

-.000179 

.30 -.002567 

-.000396 

.40 -.003318 

-.000691 

.50 -.004009 

-.001058 

.60 -.004638 

-.001491 

.70 -.005202 

-.001983 

.80 -.005703 

-.002529 

.90 -.006145 

-.003122 

1.00 -.006533 

-.003756 

1.10 -.006868 

-.004427 

1.20 -.007156 

-.005128 

1.30 -.007399 

-.005856 

1.40 -.007602 

-.006607 

1.50 -.007769 

-.007376 

i . 60 -.007902 

-.008160 

1.70 -.008006 

-.008955 

1.80 -.008083 

-.009760 

1.90 -.008139 

-.010571 

2.00 -.008177 

-.011387 

2.10 -.008199 

-.012206 

2.20 -.008211 

-.013027 

2.30 -.008215 

-.013848 

2.40 -.008216 

-.014669 

Problem 9.C3 <b) a = 1. 

2 m 

At A: Force = 0.0 kN 

Couple = -51.8 kN*m 

x slope 

deflection 

m radians 

m 

.00 .000000 

.000000 

.10 -.000529 

-.000026 

.20 -.001055 

-.000106 

.30 -.001574 

-.000237 

.40 -.002081 

-.000420 

.50 -.002574 

-.000653 

.60 -.003048 

-.000934 

.70 -.003500 

-.001262 

.80 -.003926 

-.001633 

.90 -.004323 

-.002046 

1.00 -.004687 

-.002497 

1.10 -.005014 

-.002982 

1.20 -.005301 

-.003498 

1.30 -.005544 

-.004041 

1.40 -.005747 

-.004606 

1.50 -.005913 

-.005189 

1.60 -.006047 

-.005787 

1.70 -.006150 

-.006398 

1.80 -.006228 

-.007017 

1.90 -.006284 

-.007642 

2.00 -.006321 

-.008273 

2.10 -.006344 

-.008906 

2.20 -.006356 

-.009541 

2.30 -.006360 

-.010177 CONTINUED 

2.40 -.006361 

-.010813 



PROBLEM 9.C3 PROGRAM OUTPUTS CONTINUED 


Problem 9.C3 (c) a = 1.8 m 
At A: Force = -43.2 kN Couple = 13.0 kN-m 


X 

slope 

deflection 

m 

radians 

m 

.00 

.000000 

.000000 

.10 

.000111 

.000006 

.20 

.000182 

.000021 

.30 

.000215 

.000041 

.40 

.000216 

.000063 

.50 

.000187 

.000083 

.60 

.000133 

.000099 

.70 

.000056 

.000109 

.80 

-.000039 

.000110 

.90 

-.000149 

.000101 

1.00 

-.000270 

.000080 

1.10 

-.000398 

.000046 

1.20 

-.000530 

.000000 

1.30 

-.000662 

-.000060 

1.40 

-.000790 

-.000132 

1.50 

-.000911 

-.000217 

1.60 

-.001021 

-.000314 

1.70 

-.001116 

-.000421 

1.80 

-.001193 

-.000537 

1.90 

-.001248 

-.000659 

2.00 

-.001286 

-.000786 

2.10 

-.001309 

-.000916 

2.20 

-.001320 

-.001047 

2.30 

-.001325 

-.001179 

2.40 

-.001325 

-.001312 



PROBLEM 9.C4 


oc 



FOR LOAD P; , : 

I* 


A _j 

^ — x 


FQR *<*< 

Ei ilK f K 

J A 

£r = 1 P ft x+C, 
El <j 


9.C4 The simply supported beam AS is of constant flexural rigidity EI 
and carries several concentrated loads as shown. Using the Method of Integra- 
tion , write a computer program to calculate the slope and deflection at points 
along the beam from x = 0 to x — L using given increments Ax. Apply this 
program to the beam and loading of (a) Prob. 9.14 with Ax = 0.25 m, (b) Prob. 
9.15 with Ax = 0.05 m, (c) Prob. 9.132 with Ax = 0.25 m. 


SOLUTION 

FOR FA CM L0f\b ) FNT F R P f > 

compete reaction at a 

FOR l- I TO NUMBER 10 A D5 : 

M A = M A + Pf A; 

LOAD - LOAD +■ Pi 
THEN: 

R b = M a /L 

load - R b 

COMPUTE SLQpF AMD DEFLECTiO/J 
START IK/6 with "X- - O A Mb updating 
THR 0U6H INCREMENTS } SUPERPOSE: 
0) Du£ TO Reaction At A 
0 ~ (V^T) (y~ x 2 ) 

r a >,) 

(2) DuF to U>A D S - CONSTANT PART 
CO W5T ( = -f RftL 2 - 


F0« X > 

Et r P .\-P i b-0. i ) 
d% 7 * 

+ 

+ c 3 v * <T 

pROM goywfiflR/ CoyoiTIOWS 
c * = ’ ° 

r - c -_5 (i-xrf-lf^L 

c l - ‘-'b & L 1 6 ^ 

NOTE; FOR load P t - 


= 6 A 

pop / ro a/umbfr loads 

const 2 - {- L P t - O-'M 3 + CousT z 

total CONTRIBUTION FOR COMSTAR' 
Const = 0 /ft V Const , + const, ) 

(3) DUF TO LOADS — REMAINING PART 

zf y- < °'i 
omUwHto V*T 

IFK^i 

©=0/EiKFoV'-r/;^' A ''>T 


CONTINUED 




PROBLEM 9.C4 CONTINUED 

PkO&Mibn OUTPUT 


Problem 9.14 


theta 

rad*10**3 


.000 

-6.058 

.000 

.250 

-5.831 

-1.496 

.500 

-5.150 

-2.878 

.750 

-4.014 

-4.033 

1.000 

-2.423 

-4.847 

1.250 

-.719 

-5.235 

1.500 

.757 

-5.225 

1.750 

2.007 

-4.875 

2.000 

3.029 

-4.241 

2.250 

3.824 

-3.379 

2.500 

4.392 

-2.348 

2.750 

4.733 

-1.202 

3.000 

4.847 

.000 


Problem 9.132 


X 

theta 

y 

m 

rad*10**3 

mm 

.000 

-8.703 

.000 

.250 

-8.615 

-2.168 

.500 

-8.351 

-4.293 

.750 

-7.911 

-6.329 

1.000 

-7.296 

-8.234 

1.250 

-6.505 

-9.962 

1.500 

-5.538 

-11.472 

1.750 

-4.483 

-12.724 

2.000 

-3.428 

-13.713 

2.250 

-2.373 

-14.438 

2.500 

-1.319 

-14.900 

2.750 

-.264 

-15.098 

3.000 

.791 

-15.032 

3.250 

1.802 

-14.706 

3.500 

2.725 

-14.138 

3.750 

3.560 

-13.350 

4.000 

4.307 

-12.365 

4.250 

4.967 

-11.204 

4.500 

5.538 

-9.889 

4.750 

6.021 

-8.442 

5.000 

6.417 

-6.886 

5.250 

6.725 

-5.241 

5.500 

6.944 

-3.531 

5.750 

7.076 

-1.776 

6.000 

7.120 

.000 


Problem 9.15 


.000 

.050 

.100 

.150 

.200 

.250 

.300 

.350 

.400 

.450 

.500 

.550 

.600 

.650 

.700 

.750 

.800 

.850 

.900 

.950 

1.000 

1.050 

1.100 

1.150 

1.200 

1.250 

1.300 

1.350 

1.400 

1.450 

1.500 
1.550 
1.600 
1.650 
1.700 
1.750 
1.800 
1.850 
1.900 
1.950 
2.000 

2.050 

2.100 

2.150 

2.200 

2.250 

2.300 

2.350 

2.400 

2.450 

2.500 


theta 

rad*10**3 

-2.490 
-2.485 
-2.471 
-2.448 
-2.416 
-2.375 
-2.325 
-2.265 
-2.197 
-2.119 
-2.032 
-1.936 
-1.831 
-1.716 
-1.593 
-1.460 
-1.318 
-1.172 
-1.025 
-.879 
-.732 
-.586 
-.439 
-.293 
-.14 6 
.000 
.146 
.293 
.439 
.586 
.732 
.879 
1.025 
1.172 
1.318 
1.460 
1.593 
1.716 
1.831 
1.936 
2.032 
2.119 
2.197 
2.265 
2.325 
2.375 
2.416 
2.448 
2.471 
2.485 
2.490 


.000 

-.124 

-.248 

-.371 

-.493 

-.613 

-.730 

-.845 

-.957 

-1.065 

-1.168 

-1.268 

-1.362 

-1.451 

-1.533 

-1.610 

-1.679 

-1.741 

-1.796 

-1.844 

-1.884 

-1.917 

-1.943 

-1.961 

-1.972 

-1.976 

-1.972 

-1.961 

-1.943 

-1.917 

-1.884 

-1.844 

-1.796 

-1.741 

-1.679 

-1.610 

-1.533 

-1.451 

-1.362 

-1.268 

-1.168 

-1.065 

-.957 

-.845 

-.730 

-.613 

-.493 

-.371 

-.248 

-.124 

.000 






n 




J 




! 


n 





PROBLEM 9.C5 



9.C5 The supports of beam AB consist of a fixed support at end A and 
a roller located at point D. Write a computer program to calculate the slope 
and deflection at the free end of the beam for values of a from 0 to L using 
given increments La. Apply this program to calculate the slope and deflection 
at point B for each of the following cases: 

L Aa w E Shap« 

( fl ) 12 ft 0.5 ft 1.6 kips/ft 29 x 10 4 psi W16 X 57 

(, b ) 3 m 0.2 m 18kN/m 200 GPa W460 X 113 


SOLUTION 

B£AM INDEl ERMIU ATF 

USB P\PP£N0\X D AMD POS ITIOM 

Determine reaction at o_ 

OVE TO LOAD 

\ s -J0L (V-4L * 3 + aV) 

p'lr 24 E I 1 




DUE TO 

(ft h 


RSbUUD/\vi 

, M? 


3EZ 


LOf\D: 


REOUWDAWT REACTION'. 

SWLE [f D ) w + l ~ 0: 

8 t> = 

Com £ SLOPE A<o£> deflection AT 6 



S UPEKPOS B ; 
Our TO 

9 6 = ~ 


DUB TO 


DIS7RI&UTE b 
l Ajl 3 
(c El 

&6I 


LOf ID ; 


% 


R d : 

?<? 

2 El 

Pa 3 

3 EX 


■h (L-*) 


JV 

ZEI 


e B -= 


in r y 


’4n f ( L ~*)&0 


CONTINUED 


U 


PROBLEM 9.C5 CONTINUED 


PROGR AM OUTPUT 


Problem 9.C5 (a) 

a theta B y at B 

ft rad*10 A -3 in. 


.0 

-3.019 

-.3260 

.5 

-2.743 

-.2869 

1.0 

-2.483 

-.2511 

1.5 

-2.238 

-.2183 

2.0 

-2.007 

-.1885 

2.5 

-1.790 

-.1614 

3.0 

-1.586 

-.1369 

3.5 

-1.395 

-.1149 

4.0 

-1.216 

-.0953 

4.5 

-1.049 

-.0778 

5.0 

-.893 

-.0624 

5.5 

-.748 

-.0490 

6.0 

-.613 

-.0374 

6.5 

-.488 

-.0274 

7.0 

-.373 

-.0191 

7.5 

-.266 

-.0122 

8.0 

-.168 

-.0067 

8.5 

-.077 

-.0025 

9.0 

.006 

.0006 

9.5 

.082 

.0027 

10.0 

.152 

.0037 

10.5 

.216 

.0039 

11.0 

.274 

.0033 

11.5 

.328 

.0020 

12.0 

.377 

.0000 


Problem 9.C5 (b) 


a 

theta B 

y at ] 

m 

rad*10 A -3 

mm 

.0 

-.728 

-1.6389 

.2 

-.624 

-1.3324 

.4 

-.529 

-1.0663 

.6 

-.442 

-.8374 

.8 

-.364 

-.6426 

1.0 

-.293 

-.4789 

1.2 

-.230 

-.3435 

1.4 

-.174 

-.2338 

1.6 

-.124 

-.1472 

1.8 

-.079 

-.0813 

2.0 

-.040 

-.0337 

2.2 

-.006 

-.0024 

2.4 

.023 

.0149 

2.6 

.049 

.0198 

2.8 

.072 

.0143 



PROBLEM 9.C6 




3 

Bt 







_ P ( (L-*i) 

£t 


9.C6 For the beam and loading shown, use the Moment-Area Method to 
write a computer program to calculate the slope and deflection at points along 
the beam from x = 0 to x - L using given increments Ax. Apply this program 
to calculate the slope and deflection at each concentrated load for the beam of 
(a) Prob. 9.76 with Ax = 0.5 m, {b) Prob. 9.116 with Ax = 3 in., (c) Prob. 
9.119 with Ax = 0.5 ft. 

SOLUTION 

FWTER M a AWb 

FOR EACH LOAD BUTER P- £> 4; 
DETERMINE REACTION AT A 
DUB 70 MOMENTS A7 ENDS ; 

(R,), = -(M a -m 8 )/l 

Due TO LOADS P l : 

FOR < s IT 0 NUMBER OF LOADS 

**--**+ P L a <A 

L OAD = LOAD -f P- 

lA A ) t - LOAD - R b 

*a*(*a), + (Wi 

l) £T£ ^ M/ME 5 LG PE AT A 

USE SECOM D MOMENT- AREA THEOREM) 

TO 6ET T/WGEtJlIAL DEVIATION AT 8 

DUE rO M A : 

DUE TO R* '■ 

pu B TO LQAb 5 Pl : 

POK i - ) TO NUM&Efi OF COAOS 

i m ~ - Pi (l-^)V(6-oe r) 




sum i m : 

0* - - im ! 

DElEflMlME S L O p E AtUQ 06 ELECT IQ/U $ 
fOR 1C ~ 0 To L ? fuPzRPosiE : 
DUE TO M » Aub 


0y = ®a *-( m » k + p 'aT/z-°)/ £I 


CONTINUED 



PROBLEM 9.C6 CONTINUED 


0U1PUJ 


Problem 9.76 


Problem 9.116 


DUS TO LOf\D$ Pi : 

DO F 0(1 All LO AbS WITH (k; 4 X 

& Y = Pi (r-<k;)V(2-0Bi) 

= P l (7-^) 3 /(L 0 et) 


X 

theta 

y at x 

m 

rad*1000 

mm 

.000 

-.600962 

.000000 

.500 

-1.602564 

.574252 

1.000 

-2.043269 

1.509081 

1.500 

-1.923077 

2.524039 

2.000 

.-1.241987 

3.338675 

2.500 

.000000 

3.672543 

3.000 

1.241987 

3.338676 

3.500 

1.923077 

2.524039 

4.000 

2.043269 

1.509082 

4.500 

1.602564 

.574253 

5.000 

.600962 

.000000 


X 

theta 

y at x 

ft 

rad*1000 

in. 

.000 

-8.937931 

.000000 

.250 

-8.813793 

.026690 

.500 

-8.441380 

.052634 

.750 

-7.820690 

.077090 

1.000 

-6.951724 

.099310 

1.250 

-5.834483 

.118552 

1.500 

-4.468966 

.134069 

1.750 

-2.979310 

.145241 

2.000 

-1.489655 

.151945 

2.250 

.000000 

.154179 

2.500 

1.489655 

.151945 

2.750 

2.979310 

.145241 

3.000 

4.468966 

.134069 

3.250 

5.834483 

.118552 

3.500 

6.951724 

.099310 

3.750 

7.820690 

.077090 

4.000 

8.441380 

.052634 

4.250 

8.813793 

.026690 

4.500 

8.937931 

.000000 


Problem 9.119 


X 

theta 

y at x 

ft 

rad*1000 

in. 

.000 

-2.118621 

.000000 

.500 

-2.222069 

.013051 

1.000 

-2.267586 

.026549 

1.500 

-2.255172 

.040146 

2.000 

-2.184828 

.053495 

2.500 

-2.056552 

.066248 

3.000 

-1.870345 

.078058 

3.500 

-1.626207 

.088577 

4.000 

-1.324138 

.097457 

4.500 

-.993103 

.104408 

5.000 

-.662069 

.109374 

5.500 

-.331034 

.112353 

6.000 

.000000 

.113346 

6.500 

.331034 

.112353 

7.000 

.662069 

.109374 

7.500 

.993103 

.104408 

8.000 

1.324138 

.097457 

8.500 

1.626207 

.088577 

9.000 

1.870345 

.078058 

9.500 

2.056552 

.066248 

10.000 

2.184828 

.053495 

10.500 

2.255172 

.040146 

11.000 

2.267586 

.026549 

11.500 

2.222069 

.013051 

12.000 

2.118621 

.000000 



PROBLEM 9.C7 


52kN L 2 .5mJ 52kN 


i 

/{> * H 


\. 





9.C7 Two 52-kN loads are maintained 2.5 m apart as they are moved 
slowly across beam AB. Write a computer program to calculate the deflection 
at the midpoint C of the beam for values of x from 0 to 9 m, using 0.5-m in- 
crements. Use E = 200 GPa. 


W460 X 113 


SOLUTION 

jr*/T6R LOAD P, BEAM LENGTH L AND SPACE 

BETWEEN LOHb S D 

IA//LL SOLVE. WitH MOM £N7~ A* BA M&TH Of) 

* DETERH/MF DEELPCT(oM AT c 

/L FOR r ^ O TO L 

' * IF 0 S= P: 

^ ODE LOAb TO LEFT QE C 

R e = pVl 

K t .~-( KE -^ 3) / (k - 0EL) 


C/R “ T/s 


*4/8 - R e S/(^.0Bl) 
tfc ~ T L/a ~ 


p ,r 


7~ D 



/V 7 -* 


fc f 


x — *1 


IF D < -y £ L/a 

Rfll/£ TIA/ O LOFOS TO LEFT OF C 

R g = PX/L + P(V-l> )/L 

■(** *(***■'- P *' - P ( x -*>)*)/ toU ) 

4 c / e - R b lV(1I-<>E!) 

I ± _ / 

- 2 M/e c /e 

fF ljz< X. <(L/2 + D) 

/^AVE ONE /.OAh 70 Z.EFT OF C /WD ONE 
TO tf/6N7 OF C O/e AT C 

CONTINUED 




PROBLEM 9.C7 CONTINUED 


I'M 


= ?x/L + ?(n-0)/L 

f A/g = L 3 - p - p(K-D) V (6,0 

* c/B 9 ( Ra l * /U '° " EI 

$ c ~ Z ^"a/6 ~ 

IF ( L/z. + D ) < V < L 

HAVE BOTH Z.OADS TO £)6HT OF 0 

R 3 r Px/L-t P (•*-!»/ L 

1 = /^ ft L 3 -P7 5 -P^-Z)) $ )A6-OFl) 

t a/b v * 7 

h/e -lH,L , /*8.o~P(y-^)V4.o 

-Ph'0-jl T0/ Ei 

^ - T ^/Wb ' F/e 


PRQ6RAM OUTPUT 


.000 

2.889 

5.778 
8.667 

11.556 

14.444 
20.222 
26.000 

31.778 

37.556 
43.333 
49.111 

54.889 
60.667 

66.444 
72.222 
78.000 

83.778 

89.556 


ThetaB 

rad 

.00000 

.00315 

.00624 

.00921 

.01200 

.01456 

.01998 

.02499 

.02947 

.03331 

.03639 

.03859 

.03980 

.03989 

.03876 

.03629 

.03235 

.02684 

.01963 


.00000 

I . 17881 
2.32839 
3.41951 
4.42296 
5.30950 
7.22872 
8.94335 

10.39493 

11.52503 

12.28492 

12.66487 

12.66487 

12.28492 

II . 52503 
10.39493 

8.94335 

7.22872 

5.30950 


PROBLEM 9.C8 




rrrr 




o. 



b 


9.C8 A uniformly distributed load w and several concentrated loads P, 
may be applied to the cantilever beam AB. Write a computer program to de- 
termine the reaction at the roller support and apply this program to the beam 
and loading of (a) Prob. 9.57a, (b) Prob. 9.58a. 

SOLUTION 

THf BE/\M IS INOE-JERMNAIB 
l lr Ql/ f\ T ION Of ELASTIC CURUE- 
£ NT B R w AWD FOR BA cH LOAD P L Atop c ( - 
Compute displacement at B due to lows 
REACT lev AT A: 

00 F TO (jT 
* (AT 4 

M A ^±ura 2 

F OR r - / TO NUMBER loads P; 

= * A - P( 


M 


IaJ 


a i j n~ j 1 4 3 


t-o nz 

a U 
_ L 


C 


displace mewt at is. Superpose: 


Vue to rfatpow at a 

E r /a --T«T S +{ 

DUE to D^TMisutifd 'o/\m 


^ y = o,^Sl--° 

/. THF Coa/STA^/T* T 

I WTfTTAT'IO/J AFF 


E r ^ <" ( L - 0-)*) 


2f 


PUB TO Pi 

FOR L - I TO A/l/MSFP LOALf 

Er ^ P; (‘-'.I’ 

COMPUTE DlSfiLAC&MBrU'T AT B D^F T<? C/Ay/ T ^ 


L 


( 


pp't.', 


L 


•ti 


'jyivn 3 
COMPUTE REACTION A 




B 


Flg----K U 
£i - --L^ + ly t C , 




- _ > x^it/tC.-yt 4 
£ 


Ff?OM EX p B tR t EZ(f R )um 

P'S S *if»/W«.T 


EI j - 4 " 1 ^ 

EOOfJVART CONDITIONS GIVE c,-c z = 0 


CONTINUED 







PROBLEM 10.1 


10.1 Knowing that the torsional spring at B is of constant K and that the bar AB is 
rigid, determine the critical load P a . 



SOLUTION 

Lei 0 ke tfT 1 ©*/• AS. 

) x = L s;»& * LB 

v)M s - o p> - Px - O K© - PL© = o 
tk~ PL - )© = O P„ '■ K /L 


10.2 Knowing that the spring at A is of constant k and that the \m AB is rigid, 
determine the critical load P a . 

SOLUTION 

L#t & l»€ a.r*]/e clian^ z of- A8. 

F - k x - kLsinO 

F L cos © - P / = o 
k L Si’ n© cos © — PL sio © - O 

cos 0 & I kL*e - Pi & - o 


{VL'-?L)& -- o 


?cr* k L 






PROBLEM 10.5 


10.5 The rigid bar AD is attached to two springs af constant k and is in equilibrium 
in the position shown. Knowing that the equal and opposite loads P and P' remain 
horizontal , determine the magnitude P a of the critical load for the system. 



l 

P A i 

■■■■■■ » C 

B C j 


D 


SOLUTION 



Let Vg AKlc/ 

y c Le +tie <=]< 

tfftci 

’iO*^3 op poi 


8 e\ 

c-, 

post'4i’ve op 

u/awJ . 



TLen 

F a 

= - k y* 

Fc = 

-ky c 



= <3 

F* F„ = 

o 

F. = - 

F. 

* 

i 

fi 

Fs ot x%ol F^ 

Po<-«v» 

£oop.Ve. 

*> 

y •*- 

* : 

= ^ Q.3IH. 0 : 


- £ Sir, 0 



P P* c ^ o-f OA'f PS 

T )'2Y\-O j )< cos © - PI s/‘i0 - O 

Le’f & —> O 


P - - r n 

1 ' ~uT c - oS& 


P* r 


ka 1 - 

U 


PROBLEM 10.6 


10.6 A frame consists of four L-shaped members connected by four torsional 
springs, each of constant K. Knowing that equal folds P are applied at points A and 
D as shown, determine the critical value P„ of the loads applied to the frame. 



SOLUTION 



Le4 © be 'J'Jie »’oio 

o-f za.c i\ L~ shaped 

v*ie-*v \oe\r. 

Ancf Jt cLo across 

■j"ov' v S»o^aJ’ 5J Oti'rta 
IS 2© 

*56 - ^Lsi'o© 4C 4% LS 

* o 

k + k( 2 B ) - P* “ O 

p . OKil - 8Jk 





PROBLEM 10.7 


10. 7 The rigid rod AB is attached to a hinge at A and to two springs, each of 
constant k = 2.0 kip/in., that can act in either tension or compression. Knowing that 
h = 2.0 ft, determine the critical load. 



SOLUTION 



Le^ 0 te *.**3 Jz. 

« In© ^ X c *3h0 ^ X 8 ^ MVjS 

Fc. = kx^ 3 kV>9 
F 0 r kx D ^ k k £ 

, i)IM, = o hFo * 3k ^ - Px 8 = o 
A " W h'S + *? “ 4kP=o P"£kb 


Dj- a : k - 2. o k.>/.'n , Vi - 3-F+ * M 
■P =- f (j.o'JOO r UO k.> 5 . 


PROBLEM 10.8 



10.8 If w = 125 kg, A = 700, and the constant of each spring is k ~ 2.8 kN/m, 
determine the range of values of the distance d for which the equilibrium of the rigid 
rod AB is stable in the position shown. Each spring can act in either tension or 
compression. 

h * 7 OO ***** - 7»o*fo‘* t* 

Ltff 0 te S\rrx«.M crT As 

X - d 0 F ~ kx r kd © 

P2 M a - a ... . ^Fd-VngV )0 =O 

£k = 0 

d eF JF 

J - / Kg IF . I 02S)(%*1 K7oO*tQ“*l 

a <* k i 

- 0 . 3 ^ •-» - 392 *>*■> 


PROBLEM 10.9 


10.9 Determine the critical load of a round woode n dowel that is 48-in. long and has 
a diameter of (a) 0.375 in., ( b ) 0.5 in. Use E = 1.6 * 10 6 psi. 


SOLUTION 

CcO 


O.I&7S fn I * *3 C* ~ 97o. 7 * )o' ii* 

p . ir* , gJ tt^uwq 4 . 

ter ” ji^t, * t. G. £S 


OO 


-3 . >♦ 


C * iol * 0.9.S i*. I~ 1 §C H - 3. 06g*/0 

O - •n^gl TT t (|.4v/Q 4 X3. 068 WO" 5 ) __ _ . ^ 0] 

\ir " - CHS) 31 ~ 


PROBLEM 10.10 


10.10 Determine the critical load of a steel tube that is 5.0 m long and has a 100- 
mm outer diameter and a 16 mm wall thickness, t se E - 200 GPa. 


16 mm 



SOLUTION 

Co - i ^ - so 


Co~ t - So -14 » 3/1 


v*vr^ t 


I = ?(c:-c/)^ 3.SS9 r 3.^x;o‘ 6 h" 

77^200 )( 3. m*/Cf 6 ) ^ _ 3 h , _ , _ 

17 3 os^/o /V - 30S VN 



PROBLEM 10.11 



Brass 

E = 120 GPa 


Aluminum 
E - 70 CPa 


c* — a ^ — i v w* « 

p = 8740 kg/m 3 p - 2710 kg/m 3 


10.11 Determine (a) the critical load for the brass strut, ( b ) the dimension d for 
which the aluminum strut will have the same critical load, (c) the weight of the 
aluminum strut as a percent of the weight of the bws strut. 

SOLUTION 

(si) Brass sW I * = 13. 333* lo 1, 

- IS. SSS * /o" 9 rvi v 

. Tr’-QA . TrViapxioOOs. 333xlQ" , '> 

fcr ^ Z (1. \ ) *■ 

r 13.06 * /0 s N - 13.06 kb) 

W Al> iv) i y) ov* STri/f 

D TT* e. I. _ vlEj£/iz) 

1 ^ ? L 1 ‘ 

a ir 2 £^ ir a (7o x/o*) 


cf =• ZZ.9 yfo’ 3 m = 21.9 

(rS . /&W\‘ _ (SJl3.y2id) z r 0.40. 

C ’ vn„ TkL«»h l l .71/ UJ ~\S7Ho/\ 2o / 


O.HOG 9 HO.& ?* 


PROBLEM 10.12 


10.12 A compression member of 20 in. effectiv > length consists of a solid 1 .0-in.- 
diameter aluminum rod. In order to reduce the v 'eight of the member by 25%, the 
solid rod is replaced by a hollow rod of the cross section shown. Determine (a) the 
percent reduction in the critical load, (b) the vah e of the critical load for the hollow 
rod. Use E = 10.6 x 10 6 psi. 

0.5 in. F 







PROBLEM 10.15 


102mm . 102mm 


152 mm 



allowable centric load for the tnentber if a fa*,! 


SOLUTION 

A^ie L ISZ x 102 x 12.7 

X* - 7. 20y/O* MKn*' 

^ *- So. 3 *,*, 


A - 3660 

Xy r 2.CV y/o £ 
y - ■^■5". 3 »t*»o 


Two angles: 7.io*l0^, 

Iy= 2f?.64»/0‘ + (fi Uo) fy sX t ] _- % , „ x /Q= ^ , 


Jjt r =1. W =■ «f. ^7*10 


- 4 V 


P cv> r X 8 .j|? r «» X (>OD»/O»)fr, I^7x/q-M 

U*" (7.0 ")*• - 370.S* tO* M ^ 37o.iT icu 


** ' Ks. 


3 76. S 
XX 


1C 8. <4 kbJ 


PROBLEM 10.16 


8.005 in. 


1.81 in. 





Pc’ 




«s jsssss.ss.-s ssz^i'r-T 


SOLUTION 


W )& > 4o A r //. 8 i*** 


p. , 2k 

1 ^ E<5. 


x X* = S)2 ^ Xj r x’S?.? m 1 . 
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A - (itf 11.8) - 5“. 90 ,‘m*- 

Xx - ^ (S 1 8 ) -(S.loXs.ocS- /.8l) 1 r 32.57 Tv, 
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- W-fxlo Jk * 0?.5 k,ps. 
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/ 
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PROBLEM 10.17 


10.17 A column of 22-ft effective length is to be made by welding two 9* 0.5 in. 
plates to a W8 x 35 as shown. Determine the allowable centric load if a factor of 
safety of 2.3 is required. Use E - 29 * 10 6 psi. 


4.5 in. 

L 



~ 

1“® 1 



SOLUTION 

© w 8 *35 


Ij - 42.6 i** 


A - (as^.a) 5 


i x - \2“? .v 

bf * 2 . £>2 »Vi 

0 ® pA-fe 

J K = - 3D.3?r .«* 

Ij r - 81.15* i„* 

TVhJ • ly r 127 4 (2)^30.375^ ” \ 27.1 S’ ~ 


u - a* 44 

TT 2 cr 


Per- 




42.6 ■+ (2X21.758 ) * 2o6. 12 •*'» 

26^ ,'o. 

-X^WQ-Xl2 7.7s_) r 77, , 77/ k. r 

2C<1 *- 1 


P 




^r_ 

F.S. 


771 

2.3 


335" fc.ps 




PROBLEM 10.19 


10.19 Knowing that P = 5.2 kN, determine the factor of safety for the structure 
shown. Use £ -=200 GPa and consider only buckling in the plane of the structure. 


SOLUTION 



Fro*«\ ■it. 



_ F 


AC 


5:2 


sl«2.S 9 sin 135-** 

F A6 - 3. ) 

* Z.SiSZ ktJ C COlK|) ^ 


- _ n a £I 

"*V r i r 
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' * ^ p Afb * 3.lo"?^ 


Me-U 8d: I* -- ^ = H-WWo"' »>' 

Lec V = 1-2* + i.2 l - a.*» 

sr - . T , froo»/Q*y//.W >*?:!_) - 7. 8ai3x/o ? W - 7.XSI3 fcM 

Uc Z 2-8 & 

r* <, - - 7.g8is 

^ ' F^ ' 2.5V5 z 

Sr** F*S, 


= 3.13 

FS. = Z.Z7 



PROBLEM 10.20 



10.20 Members AB and CD are 30-mm-diameter steel rods, and members BC and 
AD are 22-mm -diameter steel rods. When the tumbuckle is tightened, the diagonal 
member AC is put in tension. Knowing that a factor of safety with respect to 
buckling of 2.75 is required, determine the largest allowable tension in AC. Use E - 
200 GPa and consider only buckling in the plane of the structure. 

SOLUTION 

L*. ‘JiS-S) 7 - + {z.Zir)'- r H. t cOS ^ 


/ \ C ± 2 Fv ~ o Fa, - T - c> 

/ ^6C ** | Ac = 1 .8 4^3,6* Fgc 

A J D V 

^ ^ = o F co - 4 j'^g "Jac - ° 

- 2.25 m H -i“ * 

77,= i.igsa F ce 

ei (fS BC aJ AD'- I fc . *$?)’• I II.WWO 1 

, - 3 aS * F - ?-£S* = M 

msc natyy* Lfle. (2. ZS) 2 - 

F„ ^ = i.eso‘f*to i N TL j M 


BC A D - 


F m,Jt " RST 8 1 N 


Me^UsAB «~l CD- I*- $(¥ )*' 27.761 HO 3 ZI.IC^lG 1 F 

l . 3 c m p , 6.406, x(0 * » 

Leo' 5.5>ho r C p je ^ (S.S“)* 

F« )j ^=-^c= Z.M<n*to'v Z.77 y/dU 

SmoJitf vDoe -fc* T m ^ -- 2.77>^W-a.77*M - 



PROBLEM 10.21 



10.21 Each of the five struts consists of an aluminum tube that has a 32-mm outer 
diameter and a 4-mm wall thickness. Using E = 70 GPa and a factor of safety of 2.3, 
determine the allowable load P 0 for each support condition shown. 


SOLUTION 


Co " k T ^(32^ - )& **>* 

C- * Co- t = K- 4 ' 12 

1 = (c o s - C A S ) - !«52» x/o* 

- 35*. \%SB*IC>' 
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1 
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W La - (o.l)(2-o) * I.V ^ , 

- 

5342 /V - 

5:34 Hu 

* T..O K,, 

fu =■ 

2442 W - 
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10.23 A 25-mm-square aluminum strut is maintained in the position shown by a pin 
PROBLEM 10.23 support at A and by sets of rollers at B and C that prevent rotation of the strut in the 

plane of die figure. Knowing that L M = 1.0 m, = 1 .25 m, and L CD — 0.5 m, 

determine the allowable load P using a factor of safety with respect to buckling of 
2.8. Consider only buckling in the plane of the figure and use E = 75 GPa. 



SOLUTION 


I = 

\>tf * 

& fas') 0.5^ - 

32.SS2.xiO ***+?- SZ. 

SS2 
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PROBLEM 10.24 



B P, 


10.24 A 32-mm-square aluminum strut is maintained in the position shown by a pin 
support at A and by sets of rollers at B and C that prevent rotation of the strut in the 
plane of the figure. Knowing that = 1.4 m, determine (a) the largest values of L BC 
and La, that may be used if the allowable load P is to be as large as possible, ( b ) the 
magnitude of the corresponding allowable load if the factor of safety is 2.8. Consider 
only buckling in the plane of the figure and use E = 72 GPa. 


oJU 



SOLUTION 



i ^| p 

1= 8 jfcCSl'i&O 5 - 87.381 

x/O 3 hihl - 87. 381*/^“' w, 

t ~ T 

jE’^ivde‘1 : A8 
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BC 

L e = 0.5 /.sc 



CO 

i-e ■ L co 


I ~T 



| l ab 
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, Pc 
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F.s. 
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PROBLEM 10.25 



10.25 Column ABC has a uniform rectangular cross section and is braced in the xz 
plane at its midpoint C. (a) Determine the ratio bid for which the factor of safety is 
the same with respect to buckling in the xz and yz planes. ( b ) Using the ratio found 
in part a , design die cross section of the column so that the factor of safety will be 2.7 
when P - \2 kips, L = 24 in., and E = 10.6 * 10 6 psi. 

SOLUTION 

ivi XZ-p-^a.** * Le ~ “ 24 ,v " 1 

r [\ I r fa Jk 3 
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PROBLEM 10.26 



10.26 The aluminum column ABC has a unifo m rectangular cross section with b — 
2 hi. and d= ^ in. The column is braced ii i the xz plane at its midpoint C and 
carries a centric load P of magnitude 1.1 kips. Knowing that a factor of safety of 2.5 
is required, determine the largest allowable length L. Use E = 10.6 x 10 6 psi. 

SOLUTION 

(F-SOP (2.5TXI -iwo*')-- Z.lSxlc?' A 

p tr l EI , _ fix 

P- - te* ^ “ "V Per 
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L * iLe * f-i/P- - , l6M 

* « 1 Pc+ *Y 7.7 5** JO* 

S tryuf'Ptn 1— ~ IQ.Zfl in. 
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10.27 The uniform brass bar .4# has a rectangular cross section and is supported by 
pins and brackets as shown. Each end of the bur can rotate freely about a horizontal 
axis through the pin, but rotation about a vertical axis is prevented by the brackets, 
(a) Determine the ratio bid for which the factoi of safety is the same about the 
horizontal and vertical axes, (b) Determine tht factor of safety if P = 1.8 kips, L- 7 
ft, d= 1.5 in., and£= 15 * 10* psi. 


PROBLEM 10.27 



SOLUTION 
SweJt.Pi' 
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PROBLEM 10.28 



10.28 Column AB carries a centric load P of magnitude It kN. Cables BC and BD 
are taut and prevent motion of point B in the j a plane. Using Euler’s formula and a 
factor of safety of 2.3, and neglecting the tension in the cables, determine the 
maximum allowable length L. Use E = 200 GPa. 


SOLUTION 

IV *50* 32.7 


I y - 42.^ »lo c ^ 

Xy r 4.73V lO C ^- 4.73 * l(5 c ** 
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PROBLEM 10.29 



10.29 An axial load P is applied to the 1.25-in.-square aluminum bar /fi?C as 
shown. When P = 3.8 kips, the horizontal deflection at end C is 0.16 in. Using E = 
10.1 x 10 6 psi, determine (a) the eccentricity e of the load, ( b ) the maximum stress in 
the rod. 


SOLUTION 


1.25 in. 


25 in. 
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PROBLEM 10.30 


10 JO The line of action of the 3 1 0-kN axial load is parallel to the geometric axis of 
the column AB and intersects the x axis at x = e. Using £=200 GPa, determine (a) 
the eccentricity e when the deflection of the midpoint C of the column is 9 mm, ( b ) 
the corresponding maximum stress in the column. 



SOLUTION 


F ** W 250 *58 
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PROBLEM 10.31 



W8 X 31 


10.31 The axial load P is applied at a point located on the x axis at a distance e 
from the geometric axis of the rolled-steel column BC. When P — 82 kips, the 
horizontal deflection of the top of the column is 0.20 in. Using E- 29 * 10 6 psi, 
determine (a) the eccentricity e of the load, (6) the maximum stress in the column. 

SOLUTION 

W3*-3J : A = *7-13 Jy r 37-1 •Vi v , Sy r 4- iVj 3 

L * 4.H +7* s 112. 8 Le = 2L - 22SL6 m 
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r 0-2.97 i» 
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^ : IT' A % ^ 


PROBLEM 10.32 


10.32 An axial load P is applied to the 32-mm-diameter steel rod AB as shown. For 
P — 37 kN and e- 1.2 mm, determine (a) the deflection at the midpoint C of the rod, 
(b) the maximum stress in the rod. Use E = 200 GPa. 



SOLUTION 

I = 1(1)’- - Sl.m*tO* - 5). 97 y/o'" 5 vn* 
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70.33 The line of action of the axial load P of magnitude 270 kN is parallel to the 
geometric axis of the column AB and intersects the x axis at e ~ 14 mm. Using E - 
200 GPa, determine (a) the deflection of the midpoint C of the column, ( 6 ) the 
maximum stress in the column. 


SOLUTION 

W'ZQOySZ A- 6Z6 0 ^ &CCO » /cT 6 
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W200 X 52 


PROBLEM 10.34 10.33 The line of action of the axial load P of magnitude 270 kN is parallel to the 

geometric axis of the column AB and intersects the x axis at e = 14 mm. Using E - 
200 GPa, determine (a) the deflection of the midpoint C of the column, (b) the 
y maximum stress in the column. 

^ L 1034 Solve Prob - 10-33 if the load P is applied parallel to the geometric axis of the 

.gg column AB so that it intersects the x axis at e = 2 1 mm. 

SOLUTION 

w 200 ¥ a ^ ( ° gqo 

j|||*g x, - i7.2* io m< v* ¥ 
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PROBLEM 10.35 


10.35 An axial load P is applied at a point D that is 0.25 in. from the geometric axis 
of the square aluminum bar BC. petermine (a) the load P for 

which the horizontal deflection of end C is 0.50 in., (A) the corresponding maximum 
stress in the column. Use E= JO.lxlo* Usi. 


0.25 in. 
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(W) m..,^ = P(e+ = O3.xv)(o.3sr+o.sc>) = 1.9Q7 r Ay-.v 

6* , , 5.50 A./ -* 


1 Z _ [2 

1L . r - 0-^5- “1 

J L TT 

0./S to.foj 


, JE-4 M* , JML + (i2i^|Z£l „ ,5.50 As/ 

A X Z.ocxs 6Jf>IS7 
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PROBLEM 10.36 



10.36 A brass pipe having the cross section shown has an axial load P applied 5 
mm from its geometric axis. Using E = 120 GPa, determine (a) the load P for which 
the horizontal deflection at the midpoint C is 5 mm, (6) the corresponding maximum 
stress in the column. 


SOLUTION 

C 0 - i S* »«» 

J - =• i (Cq - cj 4 ) ~ 3. SooSx t® 11 ® 3,S0o5 * /O 

U - 2-3 ^ Lc - 2* s m 

^ ir*£r TT g ri3Q»;o a ) C3.sao.s-»/Q~ g ) 

= ^28.8x/0 3 V - £^2.8 


A> ^ =■ e[ sec( 5 -/^V '1 

c “ s (5 Vf. ) 


Sec 

R, Lit 


(sl/ID ' 




+ e 


r 


-E _ [ 8_ 

for ‘ In 


0.1A1 CoS 


a/cc ^ wej 

l 2 - on'm* ? -r o.hwhh p„. - 

■(- S' J 


(b'l *(z3<r*/o*)(sr+s)Go'') * 2W* N-~> 

A r -it ( Co *-c'> -n(co'-Si‘)^ 2. MS&* to* ««*■ - 2- ii«8 x /o'* ^ 




P . Me 23 S»/o 3 ■ (^SS-oYfcoxto*) - /4<?.£ * /O 4 Po. - m.S MPa. 

- * ' *r* i.i n n . 2 CaaC w 


2.W83*/0“ 3 3.5605*10 


PROBLEM 10.37 



10.36 A brass pipe having the cross section shown has an axial load P applied S 
mm from its geometric axis. Using E = 120 GPa, determine (a) the load P for which 
the horizontal deflection at the midpoint C is 5 mm, (b) foe corresponding maximum 
stress in the column. 

1037 Solve Prob. 10.36, assuming that the axial load P is applied 10 mm from the 
geometric axis of the column. 


SOLUTION 

Co "" ~ Q& w#i Qi ~ "£ 51 5*4 *'»*»! 

I - - Ct 1 ) - Z.SooS*io‘ ^ ~ xsoaS*lo-‘ tv,” 

L • 2-3 w Le r ££* v> 

P - ^ a £-T Tl*(UOy/0* K3.SOOSX/0~*) 

n.- - 

- 522.8 *lO z V - 8 fch/ 


(a.) y w-' e[ sec(fi/f;V 


Sex: 






cos di!£> 

e 

P 

Pc 

- [ ~ Ci^CCoS 
i 11 5 + 

(b> PCe 

+7-V- 

A 

- IT (c«N 



= + 

A 

MC 

T~ r 


.E - r j, 

P,. t TT 




P = 0.28C7O Far =■ 15/. C 


2./</SSx/0- 


s.s©or xi o' 



PROBLEM 10.38 


W310 X 60 



10.38 An axial load P is applied at a point located on the x axis at a distance e - 12 
mm from the geometric axis of the W3 10 x 60 rolled-steel column BC. Assuming 
that L = 3.5 m and using E - 200 GPa, determine (a) the load P for which the 
horizontal deflection at end C is 15 mm, (b) the corresponding maximum stress in the 
column. 


SOLUTION 


W3)o*£0 


L* 2.S 


Ti Z El 

U** 


A = 15^0 rot** ' isio x/o' 6 

jL - ig.3*/o‘^ 4 = W.lxtcr*- w? 

Sj ~ !8o - \SO*tO' c <m 

U - 21 * 7-0 * 

TTY^OOxIO*' Y\8.Sx| 0' c ) 

5 (7^ 


r 737.3 x/o^ = 737.3. 


r e [ secCI-J^V '1 


CL/t) = 


e 


dit)* 


e 


■K 


cure CoS 


1 a ~ coS i?rs:] = °-‘ m57 


P * 0. 41157 P, 


368.28 IfU 


P(e+ ^')’-(2C8JS>-/o % Xu + is) 0 o' t ) - 111V I'J**-. 

(5- £|ii: *V!± — g lo3.8Wo‘ P* 

A J AS- 75^o x 1 o' 6, |80x/cr* 

^ =r loS.S MRl 



PROBLEM 10.39 


W310 X 60 



10.38 An axial load P is applied at a point located on the x axis at a distance e = 12 
mm from the geometric axis of the W310 * 60 rolled-steel column BC. Assuming 
that L = 3.5 m and using E = 200 GPa, determine (a) the load P for which the 
horizontal deflection at end C is 15 mm, ( b ) the corresponding maximum stress in the 
column. 

10.39 Solve Prob. 10.38, assuming that L is 4.5 m. 


SOLUTION 

w 3>lo * 


L- 9.S 


fa ~ 7 5 90 w\»vi - 7Sqo*to c 
J r \2 m %*IO c mm* ~ IS.$*/0' C *** 
Syr Igoxio 1 ^'* I 

U * 2L - 9,0 ^ 




0 _ 77V3oo*)0 < 0Q 8.3*/O’ < ) 

Yc*- * C9.o)»- 

- 945. 96 >/0 S M - 44S196 kU 

Cos (xl/^)' y^Ti. 


i* [f — jfceT ' [t— •Ts^d* r °-^ 57 

^ p - o.*M1S7 - 1X1.7* kW 


p(e 4 ^) = (Z27.7 : lv/0' i )6x+ ls)(lO-*)= GOlS H-y* 

fL) X . Me . = s?.8k/^ 

O' - A 4 -f- ' A + Sy 15*10*10-* IS 0*10-* 

° J a i* 


- r 6?.8»/o‘Ft 
r €>*.8 MPa. 


PROBLEM 10.40 



10.40 The line of action of an axial load P is parallel to the geometric axis of the 
column AB and intersects the x axis at x - 1.2 in. Using E- 29 * 10 6 psi., determine 
(a) the load P for which the horizontal deflection of the midpoint C of the column is 
0.8 in., (6) the corresponding maximum stress in the column. 


SOLUTION 

Wt2*-5b A- 14.7 ,n\ Jy - 5£-3 m*, 
L* M ft • 72% m u * 238 




Le 

sr 1^4.28 kips 

e L scc (^V€V '] 


sec 


efe- 1 


W* & 
e 


CoS 





~ are cos 


1.2 


o.s + /.3 


_ 




P* O.sqS'H R r - S7.7 kips —■> 


<W 


M. 


P (e + r (S7.-7)( 1.3. + 0 . 8 ") * 135 - . ¥ k.'p-iw 


_P, fck s £ + £L s 
A + X A s, 


€7.7 13^4 - 

14.1 13. <4 


14.3 ksT 





PROBLEM 10.41 


- e = 0.03 in. 


10.41 The steel bar AB has a ^ x ' -in. square cross section and is held by pins 
that are a fixed distance apart and are located at a distance e = 0.03 in. from the 
geometric axis of the bar. Knowing that at temperature T 0 the pins are in contact 
with the bar and that the force in the bar is zero, determine the increase in 
temperature for which the bar will just make contact with point C ifd= 0 .O| in. Use 
£ = 29 * 10 6 psi. and the coefficient of thermal expansion a= 6.5 x 10‘ 6 /°F. 

SOLUTION 

A = r O.W <*GZS* in 1 

I * -iUfV = -v*' 

El t - 47 7 ^ -Am** 

THE! ¥ ir\ (47 740 s 


ISGO.Z A. 


~ - 0.03 in. CaJI c* i V S«C^+ -Po +"oJa* 

e ‘ 1 7 sec r ' + ^ 

|/| r ('♦§3*' - C- (0-75') - 0.72X73 

"= (0.72273 ”)]* “ 0.2117^ P= 0 . 21170 p c ^ = ISGO.Z A. 

(() Sl^p>Pe app/oxi e,cc€^'/ - 

TolsJ? IOH “ OiLCAT*')- r O 

PL i p 15 6>o» 2 _ 

A T “ 6A dL ~ EA4- T (2<t»io e -)(p.no62<;)t&.s*to- c ) 

C2) .AwAJfyC^S wC*Vf mcjfwttio* ecce^+v'ic.i+y. 

To-feJ^ eiorv^a^um of ce*4<ro‘~^</ <x^.is = Oi-L (AT") - I x = 

To c«holM a JpKWe*+^e «y*0o.26) 

^ ~ c ( p fa* Co& p v - P sJ " p* ^ 

A+ x = o ^; o e P ^ r U " 

T*.« eio*g J-f»K of All* ce«f»f«L/ M.fi ,’i ?e J]f' 

= KKo.03) l /^fp- + w (o.mi%\ - JSt.SWO-'k 


oU(A'r') -- £j= + 2e &)„, 


AT- r + -■ 

EA<* + oU. 


EA * 


re q 4 . r £8.4 + ^- 6 ' 

(C.S>W t >Cs'> 


= £4.4° F 


PROBLEM 10.42 



i 10.41 The steel bar AB has a f x f -in. square cross section and is held by pins 
that are a fixed distance apart and are located at a distance e =0.03 in. from the 
geometric axis of the bar. Knowing that at temperature T Q the pins are in contact 
with the bar and that the force in the bar is zero, determine the increase in 
temperature for which the bar will just make contact with point C if d =0.01 in. Use 
E- 29 x 10 6 psi. and the coefficient of thermal expansion a= 6.5 * 10 6 /°F. 

10.42 For the bar of Prob. 10.41 , determine the required distance d for which the 
bar will just make contact with point C when the temperature increases by 120 °F. 


SOLUTION 


A = (i K 4} r o. \ hoq 2 s «V 

I •- la($V = I.CVllSxlo'* .V 

EX “ C^4*/0 6 )(1.6*■^7 < ?^W0■ , ) * 477?/ -H-m* 



T1»EI 

L l 


7T a ( <47791) 

CSV 


~ 7370 K. 


fe P To AM X 

\Jck%jg i He e'NW.'f oT zee m He He<rt 

To+c^ eioM e^ej’xov^ “ Oi L (A T ) - - O 

f> = EAot&r) - (29v/o ft )(0.t4o62S')Ce.E'x/o“ 6 XUo > ) = 3181 


Cai*cu^a4c 4H usin^ -fke Sec A*f -Poi/'ww/a. 

d •= ^ •= e[ secCf/^)- '] • Co.o%)lsec(ilWE)- '1 

- (0.o3)[sec(l.03l‘?7 ) - l] * (0.03)(0.‘msS) = O. 028 S' in. 


po/' AM iv^pifov/ecl ■f'kcr-VMA^ SiS 

Soiu-f I OM 0>T P™b. IO.HI. 


i y\ ej/od ecce^‘/rrc»T^ 


see 



PROBLEM 10.43 


127 mm 


127 mm 


10.43 A 3.5-m-long steel tube having the cross section and properties shown is used 
as a column. For the grade of steel used a Y ~ 250 MPa and E = 200 GPa. Knowing 
that a factor of safety of 2.6 with respect to permanent deformation is required, 
determine the allowable load P when the eccentricity e is (a) 15 mm, ( b ) 7.5 mm. 
{Hint: Since the factor of safety must be applied to the load P, not to the stress, use 
Fig. 10.24 to determine P r ). 

SOLUTION 


= 3^00 Wo' c vn Z Y*= * lo* 


A = 3400 mnr 
l = 7.93 X 10" 6 m 4 
r = 48.3 mm 


L e - 3.S 


U _ , 3.S 
T ‘ 42. 3* /O' 


- 12. HC, 


- - £3. S tnm 


(<x) e = IS , 


SC (I5')fe3.5 j- ^ 4/ 0829 


Us R^IO.ZH wxAk u/r ' ^ ec/r‘ . 0.V0W 

?/A = l*W.74ST HP* - m.75W0 4 Pa- 

pr(|q‘f fc 7£Tx|O 6 )(3 1 #0Ox/O" 4 ') - 492*10* 

- 189 kV 


(W) 6 - 7.5 kiwi 


ec __ 

r* 


(os. 3 )* 


= O. ZOHiS 


Uam 3 F.- 3 , 10.2 1 w.H U/r - 72.46 a »J ec/r>‘* O.XOmS 

p/A = 1 7 S’. 2 - I7&--2 *1°* Pa- 

P - ( I 75 . 2 X IO* X 340 O * /O ’ 4 ) - S 16 X /o 1 W 

. r / r p j -p , . ■S’qC'lQ* . 224 x ID 1 IV * 729 kW 

L)s,„. -Fee ior o\ safe+j rUl ■ 7.6 X 7 1 
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PROBLEM 10.44 


127 mm 


10.43 A 3.5-m-long steel tube having the cross section and properties shown is used 
as a column. For the grade of steel used <% - 250 MPa and E = 200 GPa. Knowing 
that a factor of safety of 2.6 with respect to permanent deformation is required, 
determine die allowable load P when the eccentricity e is (a) 15 mm, (6) 7.5 mm. 
{Hint: Since the factor of safety must be applied to the load P, not to the stress, use 
Fig. 10.24 to determine P Y ). 

10.44 Solve Prob. 10.43, assuming that the length of die steel tube is increased to 5 m. 

SOLUTION 


127 mm 


A - 3H0O K/o'"* 


A — 3400 mm 2 
I = 7.93 X 10" 6 m 4 
r = 48.3 mm 


Le. - £ 

~ _ 137 _ 


= G3 .5 


(ol) 6 - IS *** i 


r - 4g.3*/o' ^ 

V ' HS. 3*/o' ! " (0 3.SZ 


r* (w.$y 


IP' I 

U 5 i n ^ F.*j . J 0 . 2 *f w i 4" U “yT - 

££ z 0.4082* J,«5 t IIZ.7S MPa. * II 2-7S x IO~ c Pa. 

P- ( I l^.vr* /O 4 )C2‘iOO •IO‘- ) - 383Wo’ |V 

U 5 ;», -pa«4«i/' of safety ? M = 3 ^~ ' - WHo’lV - 117 kM 


(b) e * 7. S 


ec _ i7.s)tc*.s') _ 


tfg.3) 


O. 204 /s 


ZO.24 jiVts * 133.2. MPa. - I33.Z « /o 6 

p r (|33.2 x^D 4 X 3 ^ 6 ox/0’ 6 ) - 453 

W.* rf «dV+, - ^ *'9 ? » I74 x/o 3 M , 171 IV 



PROBLEM 10.45 


W10 X 30 



10.45 An axial load P is applied to the W10 * 30 rolled-steel column BC that is free 
at its top C and fixed at its base B. Knowing that the eccentricity of the load is e - 
0.5 in. and that for the grade of steel used a r = 36 ksi and E = 29 * 10 6 psi., 
determine (a) the magnitude of P of the allowable load when a factor of safety of 2.4 
with respect to permanent deformation is required, ( b ) the ratio of the load found in 
part a to the magnitude of the allowable centric load for the column. (See hint of 
Prob. 10.43.1 


SOLUTION 


VV JO X 3 o 


A - 8. 84 


^ - L 37 ,V». 


- ^ Iy- 16*7 m 


L - Z 5 " ff - W »*• 


i* - L§E - 13 /- 34 e - 

tr ' j. 37 

ec _ (o. 5 Vamps’) - 0.7734 
r* " (1.37)^ 


u * Zl » 180 o 

(2, - 0.5* in 


Ft> 10+2.^ 


r 10.47 fcSi 


(a} L)s«n*j £«.*4 o/ erf f**-# * "t74~ 


Jsm*j erf Rtf * " 3? * G 

. 7 r*FZ ■ ^(WOQ-X^^ = 1 47 . k,>. 

1 ^ ' U 8 ’ (Igo) 4 " 

y a .v, 3 U-.f^ fi* * W * e1 - 6 ' ^ 


38.6 _ 

6\.S " 




PROBLEM 10.46 


W10 X 30 



10.45 An axial load P is applied to the W10 x 30 rolled-steel column BC that is free 
at its top C and fixed at its base B. Knowing that the eccentricity of the load is e - 
0.5 in. and that for the grade of steel used a Y = 36 ksi and £=29 * 10 6 psi., 
determine (a) the magnitude of P of the allowable load when a factor of safety of 2.4 
with respect to permanent deformation is required, ( b ) the ratio of the load found in 
part a to the magnitude of the allowable centric load for the column. (See hint of 
Prob. 10.43.1 

10.46 Solve Prob. 10.45, assuming that the length of the column is reduced to 5.0 ft. 


SOLUTION 


* yjlo*3o A - s.st 


-= I- SI 

L- 5.o ft = Co i* 

k r J1E- T 87. 4> 
r 1.37 


A Xjr - )4.7 iw 1f 

Le - ZL * MO m. 


ee . Co.5X2.9os') T o. 773*9 
r 1 - (L37)* 

U ..„ F„ B.M | . IH.» K.- P-M-loXWO ■ .51.7 .>■ 

(<0 u.;., ?•» ’ W” 5 ^'* ? fc ' ps ' 

ti 2 TX _ Tr*-(Z9oo°')(lc.'i') _ 33a ki'p* 

Le** O 2 ®) 1, i * 

Us/., o-fsa-fe+V P-* a r l38 ' S 


‘ liaTa 


0.3^7 




PROBLEM 10.47 



10.47 A 55-kip axial load P is applied to a W8 * 24 rolled-steel column BC that is 
free at its top C and fixed at its base B. Knowing that the eccentricity of the load is e 
= 0.25 in., determine the largest permissible length L if the allowable stress in the 
column is 14 ksi. Use £= 29 x 10 6 psi. 

SOLUTION 

P “ SS 3 C - 0.25" i* 

E - 29 x / O *- p ».' - 29000 fa, 

W3*2H: A* i .os;*' t> P ^ (,.99$ 

C - - 3.2Si»j X, - 12.3 iV, 

* )i ks, 


wPj 6-_. £[w f-'-LiJi)] 

. i - ^ ... (zEL i 

°- 3,07s iiC * I.I69!.- 

=• [l(lJMSs)] 1 r 0.554/g 


16955“ 


TT 4 fX 


* " o.ssm* u 2 

2 . _ D.S-5 9/S 7T 4 EX _ 0.55^1* TT^OOOX^ = 7Bx/o 3 ^ 

P - 55“ 

L t * 229.7 in = ZL L - 114.8 !» ’ 7. 5“7 ff. - 



PROBLEM 10*48 


10,48 A 26-kip axial load P is applied to a W6 * 12 rolled-steel column BC that is 
free at its top C and fixed at its base B. Knowing that the eccentricity of the load is e 
= 0.25 in., determine the largest permissible length L if the allowable stress in the 
oolumn is 14 ksi. Use E — 29 * 10 6 psi. 


SOLUTION 

V> cda,’- P - ZC ki'ps j £ - 0 . 7.5 

E * ZH*lo u P »i * wooo ksi 

WGxIX: A - 3.55 .'« l W •= 4 .ooO ,Vv 

C T lg= Z.OOO Xj ■ •'"*> i*. 


^ /i/£\ . _r! f AgUr . \ _ [ ^£gXw) 

Sec ^ ^VPor J * ec\ f 1 j ( 0 . 2 ^X 2 . 000 ^ L 

e «»( l 7 t) r °* 6i ‘ 089 $ M . r °- 8£ * 04 

£ r = 0.301! 7 




53 £35 


p r 
r cr 


0.3OI17 


- TT*gJ 
‘ *Le v 


, z „ Q.3o»7 TT* EX _ Q.3oil7Tr*fe7^X^L r ^y/o 3 /r, 

L e. ‘ o 2C. 


Le = 77. in - 2L 


L - H-?.7g * H. IS ff 



PROBLEM 10.49 



10.49 Axial loads of magnitude P = 84 kN are applied parallel to the geometric axis 
of a W200 x 22.5 rolled-steel column AB and intersect the x axis at a distance e from 
its geometric axis. Knowing that allowable stress = 75 MPa and E — 200 GPa, 

determine the largest permissible length L when (a) e = 5 mm, (b) e = 12 mm. 

SOLUTION 

if = ZQOXIO'' Pcc 

W Zoo*Z2~5 A " 7SGc> vnt**" - * (o~ c ^ 


* \OZ ^ C. - % * S! ^ 

1.4X vlO 6, ^ L*f2*fd 

61k - <3U, “ 7S MPc - 7S*/o c P<x 


ij ~ 22.3 




f=ste(f/£ 


A 61 


“ ) 


r 8 - 




) 


(a) e* s 




see 


(g2.3)* 

(s")(s'0 


UVfw (^(so t ss*io* u ^ * 


CojS 


(!-/£) ^ 0.33006 f/f r ' 


-£ t [ |-(/.23‘/‘f )]* = 0.617.57 


ter 

P *r 

Ur 


_£ , _Ei£L 

0.61757 t t * 

0.0757 T\ x El _ Q.6I7S7 Tt l (ZQO*to' l )(l.M'IO 1 _ 
P ‘ " 


W l * 

L t ~ H.SH *> 

0©) e * 12 (jr^s o 

Cos (|-/f V 


(I 


£H >/O s 

L* U * 4.SH w, 

e wata38 

21(50 L J 

f-/fr - O.G.S&'K, 35 




p" “ [^(o.CSt^)j* * O.J7 46C 


'cr 

R. - 


_ TTl£X 


c *~ 0.17 466 


Q. 17466 TI^J _ 0 _n‘iCCTl' l (2c>0«l0‘')(LHZx{d‘) ^ ^ 

Lt P ~ 2*f * JO ^ 

L c " 2.41 m L - L* = 2.41 ^ 




PROBLEM 10.50 


10.50 Axial loads of magnitude P = 580 kN are applied parallel to the geometric 
axis of a W250 x 80 rolled-steel column AB and intersect the JC^isat a “Stances 
from its geometric axis. Knowing that allowable stress o* = 75 MPa and b -1W 
GPa, determine the largest permissible length L when (a) e - 5 mm, ip) e 10 mm. 

SOLUTION 

DcJu: p = SS O * /O a KJ £ r 200* 10' Fa, 

W ZSO x go A - lO^OO - 10200 *JO 4 


27.5 


Yj r &S.O 


(a) e r i* >71 


^ 250 X go A - 10200 ww - 10200*10 ^ 

'^llBB bf- r 255 >^>*t C:^l 27*5 rvim ^ “ £5.0 w 

~ 43- 1 * /° 6 - 93. i * ic> c ^ 

pH L Zju r GL» * IS MPa - 75*/0 4 f>* 

SB + ^ se ^^)] 

- 1 - ^ sec (ItI1. N) 

- fil IF \_ (65.Q)* \ ( 10200 *ft> 4 )fcrxfoO _ _ 2.1/39 

r ^ >71^ S€C \ 2 )" (5X127.5') [ S8GXIO 5 i 

e*» (Il/fj a 47305 * ’ L07 8O* 

r [ |r (l. 0730*0] = 0. M7 ) O 1 

*• * J 


1222S. — 


1.07 809 


p c 

“ O.H7/O| Le . 

a 097101 v'EJj 0.97/01 T^frooMoMOajw/oy,) _ 

L e " ~ p ' 580 v /o a 


Le 2 - 


9 w, 


Le. - S.3‘ 


L - Le r 8.31 


(b'l e - to r>"o 


/r fp \ CcsT Uiu^oowoMC/fwoO .1 . , r . rQ . 

- /Or>^ sec VTVR,. / " (lo)(\17 s') L 58OX/0 3 J 

aw; " 0kiz ° ,8 ° 

£ - 0.044083 


p - — U 

’c>r 0.0W9O8 3 


77* £J 

Le* 


y.uT-rwas ue . .*\ 

^ o.oM9oa*-n*£I o.o44Q83>7r Uoox(o<)CHS.)*lp_J , ^ 

U T -p ~ 580 X |0 3 


Lt - 


L r Le - 


2.59 


PROBLEM 10.51 



10.51 A 12-kip axial load is applied with an eccentricity e = 0.375 in. to the circular 
steel rod BC that is free at its top C and fixed at its base B. Knowing that the stock 

of rods available for use have diameters in increments of gf in. from 1.5 in. to 3.0 

in., determine the lightest rod that may be used if = 15 ksi. Use £ = 29 x 10 6 psi. 


SOLUTION 

£ = pai* = 21000 I d =■ <*.**&* (»V» ^ 

A = ^ ol* 1 = f’tr)' 1 * cT' <=• = e*0.37r;t 

L = H.O -f+ * <fS I .» Le * ZL - 

^ TT’lrX y 2 (2100C>) X\d' 1 _ , rmittQ Ji l. ... 

p - * ~T7~ r "1TOT i 1 ; ' 534 ^ 01 k, r 


JL - iA'.jl. - ^ 

A Tid*- 16 


ec _ (o.37S'XiJ'> 3 

r * * r 

6w 1 "A" [ 1 + ^ sec (%M 


J0O[ A(i"*> 

?cr(k*f»S^ 

ec 

T* 

S-Cksi) 

*.25 3.776 

37.07 

\.S333 

7.2G 

2.6 3. N/6 

24.37 

1.5 

|6.47 

2.135 3. ■S'HG 

31.01 

i.<n/s 

ll.lo 


P - 12 k>'ps 


Use d® 2.125* in. 
< /S' ksi* 




no 


PROBLEM 10.52 

_ \y 



10.51 A 12-kip axial load is applied with an eccentricity e = 0.375 in. to the circular 
steel rod BC that is free at its top C and fixed at its base B. Knowing that the stock 
of rods available for use have diameters in increments of £ in. from 1.5 in. to 3.0 
in., determine the lightest rod that may be used if = 15 ksi. Use E - 29 * 10* psi. 

10.52 Solve Prob. 10.51, assuming that the 12-kip axial load will be applied to the 
rod with an eccentricity e = % d. 

SOLUTION 

E T 2^ooo ks«' d = (i») 

f\= 1= tKz) 1 s c = 

L =- -- 48 i" l t = ZL * ^ 

v* - i ■ 


ec __ 0 

* % ltd* 


£-[ I * .~(i$ )] = f [ ' * *■« 


dl 

A (.Vi 

P cr (k‘pS ) 


2.»s 

3.976 

34.07 

2.1.75 

3.0 

7.063 

123.48 

9.39 

2.5 

4.409 

S1.SS 

15.28 

2.6*5 

5.4-/Z 

72. 38 

13.2? 


L)se d r 2.625 
61^ -- 13.3? K* < /5/«. 


PROBLEM 10.53 



10.53 An axial load of magnitude P « 220 kN is applied at a point located on the* 
axis at a distance e = 6 mm from the geometric axis of the wide-flange column BC. 
Knowing that E = 200 GPa, chose the lightest W200 shape that may be used if o„, - 
120 MPa. 

SOLUTION 

p- L=l-3^ U=2X = 3-6 k> 

= \S2.3*lo' Ij M 

f e 3. fa 


= - ki ec _ e_b£ . 

- te H1IV> L- * ^ y. i “ ^ ^ i 

* -jr [ 1 f sec ( 2 {&■ ) ] 


S\\CLpe 

Ado- 4 - 2 ) 

0**) 

O^loV) 



ec 

y.2. 

6u^, (mP<0 

W^OxUl 

SSIO 


1.01 

41.2 

1312 

0.2134 

se.s 

W 200 x 2C.C 

^ 240 

133 

3.3o 

31.2 

5o2.G 

0.4071 

117. H 

W2oo X 224; 

%%(>o 

102 

1,42 

- 

22.3 

*216.3 

j *• 




Use W 2oo x ZQ.G> 


117. H NP*. 



PROBLEM 10.54 


y 

e ^ 

K 


M53 An axial load of magnitude P = 220 kN is applied at a point located on the x 
axis at a distance e = 6 mm from the geometric axis of the wide-flange column BC. 
Knowing that E - 200 GPa, chose the lightest W200 shape that may be used if o,,, - 
120 MPa 

10.54 Solve Prob. 10.53, assuming that the magnitude of the axial load isP = 345 kN. 
SOLUTION 



P-- 3HS M L* 1.2 m 
o - H *££ _ n* (200 wo") X 


Icr \ x 

£ - Q 


C3.6) 2 - 


l_e - = 6 vn 

= iSZJZ Ij V 


_ hf 


T SeC 


ec _ e 

Y va - ‘ aty* 

rn fE \1 

V 2-v ^ 'J 


Shape 

A(loV) 

bf(w>M ^ 

J^fioV) 

0**) 

P e .(klO') 

V „ 

W 200*41.7 

5*3/0 

166 

9.01 

41.2 

1372. 

0.293V 

W 20O *26.6 

3390 

\33 

3.3o 

31.2 

50 2. G 

0.4094 

W 2oe> x 35T9 

45*80 

l^s 

7.64 

40. « 

1164 

0.2474 

W 200* 31.3 

4660 

139 

4.10 

32.0 

C24.4 

0.31*6 


Use W£oox3r.*7 


43V 92.0 

o94 25S 

979 jOV.S -<~ 
>4*6 j 172.6 

GL* r )o9.S MPa. 



PROBLEM 10.55 



10.55 Axial loads of magnitude P= 175 kN are applied to a point located on the * 
axis at a distance e - 12 mm from the geometric axis of the W250 x 44.8 rolled-steel 
column AB. Knowing that a, = ISO MPa and E= 200 GPa, determine the factor of 
safety with respect to yield. (Hint: Since the factor of safety must be applied to the 
load P, not to the stresses, use Fig. 10.24 to determine P Y ) 


SOLUTION 

for W 25'O^y.S A - SI 2.0 
“ 3800 tnM L e /V - 108. 20. 


y^y ~ S5". \ 


c - kf r la. , 74 w>v* 

*2, X 

ec r (gmi , 0 . 12.011 
r* (3s\i r 


Q ■ r I Z **** 


r* css-. 

LJs.'^ Rj 10.2* w**H ^-.0.12011 

f>/A e «?0.$7 MP*. - Ho.*>?vto < ‘ N/vS 


•p - K^/A ’ (.S12&* lO 6 ) r cS'lTxlO 1 M UP 


PS. 


fV ilZ r 


"75* 




PROBLEM 10.56 

91 



10.55 Axial loads of magnitude P = 175 kN are applied to a point looted on the x 
axis at a distance e = 12 mm from the geometric axis of the W250 * 44.8 rolled-steel 
column AB Knowing that a Y =* ZSo MPa and E - 200 GPa, determine the factor of 
^7wlhr«^.o E >S. (Hint: Since the factor of safety must be applied to the 
load P, not to the stresses, use Fig. 10.24 to determine P T .) 

10.56 Solve Prob. 10.55, assuming that e « 16 mm and P = 1 55 kN. 

SOLUTION 

Foir w A ' £1*0 mm * f'j = 35. t ^ 

Le = 3800 le/r " \08.X& 

, (2 “ 16 


C • % - X r 7H 

ec _ Q6 )(7 4^ - Q (^410 2, 

V* x (35*. 0*- 

Us/rtj F.j Lefo x IOS.2C =0.^61 OS 

^/A - $1. I 7 MPa - S/. 17 M/m 1, 

TJ, - ACP r //*V t57^oWo 6 )^M7x/oM - L+CH-xlo* hi ’ ^ 


R* - 


?r .. iJd 


1 SS 


3. OO 



PROBLEM 10.57 


10.57 Using allowable stress design, determine the allowable centric load for a 
column of 6.5-m effective length that is made from the following rolled-steel shape: 
(a) W250 x 49.1, (b) W250 x 80. Use a T = 250 MPa and E = 200 GPa. 


SOLUTION 


S-feeJ* * 


!2it z £ 


ZTT % (700 WO*) 
ZSOvtO** 


- ) ZS.GQ.H 


(cl> W^50x 4^.| A- Wox/p’ 4 ^ 


r W.2«IO' 



U . G.S 

r ‘ ‘PUwcr* r > 

~ TT«g . 7T a (^OQx/^) _ , 

^ ' l.^(L/r) x * (L«t*Xl32. in 1 ' S8 -^ > ‘ / Pa - 

r A -- = 368*/£> 5 M - 363 */V 


61^ - 


- 58.^ */o‘ Po. 


(t) W250* go A - lo^oox io~ c ^ 

Le _ G.S , ^ 

r ’ cs.oxjo-^ " 100 < ^ 


C*’ e5*.oxio' ** 


0.79377 


F.S. - f t | (0.79577) - ^ (0.77577 ) 3 r |.c,o^o<7 

£* S ^ [ I - i(-^)‘] - l S && rO - U°-^7lt] r 87.22*/o‘P« 
T>JH r A 6*< ? (fo^oowo^K^.SSWtf 6 ) - 9/6Wo 3 N - VC ifNJ 


PROBLEM 10.58 


SOLUTION 


10.58 A W8 x 3 1 rolled-steel shape is used to form a column of 21-ft effective 
length. Using allowable stress design, determine the allowable centric load if the 
yield strength of the grade of steel used is (a) Oj = 36 ksi, (b) o r = 5Q ksi. Use E = 
29 x 10 6 psi. 


St-«ei-‘ E - Ziooo l<o. W 8 *3» A * % 13 in r„.„ = Z.oS m 

U= 21 f+ = ZSZ in U/r* IZV.IS 

M <SV * 36 k,i c c .-j ^^a ggga = ,0 


^3ggg> = U6 . )0 


U/r < C t ^ - O. <m32 

F.s. = § + ■f(0. c tm:O - ^(o.izisz) 1 - 1 .31663 

ft* - S'*, A -- 13) = 87.6 k.'ps 

(bl 6" r -50 fc-s. e c .- J_£EiX a g t°°°) - 107.00 


- 0.9*937 



u/^>c c ^ * #^r r * s; 

R« - -S^A = ftsi'iCi.iz) - 87.6 kips 


r I 07. OO 







PROBLEM 10.59 


10.59 A steel pipe having the cross section shown is used as a column. Using 
allowable stress design, determine the allowable centric load if the effective length of 
the column is (a) 18 ft, ( b ) 26 ft. Use a, = 36 ksi and E = 29 * 10 6 psi. 

SOLUTION 


t = 0.28 in. 



r r ~ - 3.0 in. C L - C 0 - t - 2.17. iVv 

A =■ T! Cc. 4 - c/) “ 5.0314 ^ fX 


J r 2 _ C/ m ~ Zo.&TTl in' 


r 2.02H1 n 0 


SfeeJ; E * Mooo b.‘ 


C - 


- 126.10 


(a.) Lc - 18 -ft * 2)6 i" U/r- 106 . GS < C c r °* 8 

R5 . : i(0.8f6ol)-i(0.g^0j) 3 =: i.*o«2 

wI'-Hsrt] t l -* t0k « eo,r 3 " '*•» k * ; 

Rif - 6L*A' (IP- HXiT. 0316 - SI-6 k.-ps 


0.8^G0I 


(U U r 26 ft - 312 ;«n 
- _ ,TT*g . 

OflW * I s') /I / 


U/V* /5M.0<=)7 > C 

IT 1 12*1000 ^ _ 


•z 6, *8 ks»’ 


7.92 (L/V?- r (WX 1 * Y.W) 1, 
pj, r I?* A - (C. 28 i( 5 . 03 K ) - 31 . 6 fe.ps 


PROBLEM 10.60 


10.60 A column is made from half of a W360 * 216 rolled-steel shape, with the 
geometric properties as shown. Using allowable stress design, determine the 
allowable centric load if the effective length of the column is (a) 4.0 m, (6) 6.5 m. 
Use Or = 345 MPa and E « 200 GPa. 



SOLUTION 


1 1 
1 1 

> V. . 


A = 13.8 X 10 3 mm 2 
l x = 26.0 X 10 6 mm 4 
I y * 142.0 X 10 6 mm 4 


26.0 y/Q & 
13. 8 >« /O 3 


r 43,406 
_ 4 3. 4©6 v/o‘ 1 


A - 13.8 * v** - 


c-x p r - ml£- - \2T' \2°Q*fe~± 

M U = *1.0 » ^ - «.IS3 * Cc ^ * 0.861^ 

FS r ^ 4 f (o. 86 H'=|') - K 0 - 861 ^^ 3 = l - e ? 0 ‘ ? ' 8 

<L’- tv 

pj«r (S^A =■ ( 1 1 3.6 lx IO K )(jZ.S y lo' t ') - /5"62 x to 3 N - li^S feU 

(tt l.' $ - 1^.15 > C e 

_ _ -tr a g Tpfoooxio 1 ') _ ^.gfs-x/o 4 R* 

^ ' 1.12 (L*)*- ' 0- , KXl'«.7S-) 1 

P^» - 61* A - (1S-.8MS‘»/o ,: )(i3.8x/o- ! ) r £33 » |o s N - 6 33 kN 


= /Ofe .97 


PROBLEM 10 61 10 61 A 3 - 5_m effective length column is made of sawn lumber with a 1 14 x 140- 

mm cross section. Knowing that for the grade of wood used the adjusted allowable 

stress for compression parallel to the grain a c = 7.6 MPa and E = 10 GPa, determine 
the maximum allowable centric load for the column. 


SOLUTION 


C. “ O. 8 


SI - 7.6 MPa. 


K,* =■ O. 3 


E = loooo MPa 


A - (I) i 0(l4o') - /546o - ISteO*! o“ & i-. 1 ' 

d ^ |H ** - \\H *lO' 


W\ 


VM - 3.S///Vwc> r 30.70 

- (Q^)Cloo^ _ 3 jg?7 ftp* 

tce (L/Ji\* " (30.70 )«■ ' 


= 0.4)878 


u - ? ± ^/<y - kinzi - n o 8 , 7 2 

“ (7X0.87 " °* 88673 


V = 


<W<£ - 

c. 


O.S?3475- 


Cp^ 


u - 7 


U x -v r 0.37408 


<5*# = S* C ? ■= (7.C)(o.37Vog ) ~ g4 M P<* 
p u r * (z.zh*io‘)(\s°i6c>*ic) c ) r - HS.q*/o*N - W 1 V M 


PROBLEM 10.62 
SOLUTION 


10.62 A sawn lumber column with a 7.5 x 5.5-in. cross section has a 1 8-ft effective 
length. Knowing that for the grade of wood used the adjusted allowable stress for 
compression parallel to the grain is a c » 1220 psi and that £=1.3 x 10 6 psi, 
determine the maximum allowable centric load for the column. 


Sawn be*" - C r O. 8 ^ <SL - 1220 ps» - fc - 1.3 v /O 6 ps< - o. 3 

A -- (7.S" )(iT-5V m.7Si* z d = 5.S in. L - /8 ft - ZI6 in 

L/d = %!& / S. 6" “ 37.273 

- F 

(L/eO* 


-’ce - 


(0.3Y|.-i»/O<) _ 

(37. 273 ^ ps 


= 0.10716 

'0 c. 


U » list's = Us Sll£ e o 75 4?37 
2c (2X6.3} 


V - , O.ZS^OTS 


cp ■ 


U T^T v " O. 147535 
(S^ * <5 C Cp r (!73oXo. 197535“) * 24KO pj 
P*w T ^ A =(zm.o *■ 9. tv 


>S / 


■t.*V ki'p* 




PROBLEM 10.63 


t = 0.375 in. 



10.63 A compression member has the cross section shown and an effective length of 
5 ft. Knowing that the aluminum alloy used is 2014-T6, determine the allowable 
centric load. 


SOLUTION 

k o r W ' * 3.21 Tito. 

A - ( 4 . 0 ? -( 3 . 2 ^ - 3 -. 4375 i*' 

I * - (3.75)**] - 12.036 i'm 

r-ii-JW 


- t.4S8~i Ki 


- .... L<? 5 * -ft 

r " T483 - 40.33 < 55 ZOtV-TC G./t>v*ino»A *i.tay 

Gjl ” 20.1 - 0.23(JL/VO - 30 . 7 - fo.2S^O,33') = 42 ksi 

9^ = 6L*A - * H6.5 fc.’ps 


- iVj 


PROBLEM 10.64 



10.64 A compression member has the cross section shown and an effective length of 
1.55 m. Knowing that the aluminum alloy used is 6061-T6, determine the allowable 
centric load. 

SOLUTION 

I = ^(looVls-f + (IooX^Xw.S”) 1 - *.737<f/o‘ 


] 15 mm 


|r)Al 


L*- A(llCwO»* 2S7.2S-./0 3 - 
I, - ZI.,*1.1= S.li22S'lo‘ 

I - * f £ OsXio*)'] < £OX ?) 3 " ?.ro« 6 'x/e‘ *,*• 

A , 2 (/•o)ftf') 1 - 3630 ’ 36SO 

’-F 


5~o425»<b r ^ " 

363o 

r 59.0* -=■ £6 (t06l~TC aJutoinu** ^ 


-3 


A 

* /. 55 ^ 


< 5 -^ r ^ - 0.?es fiA') - 13 s *- (O.mXr?.o0 - Si. IS MPa 

A - (27.TZ*lo‘-)(%liC>*ld‘') ■ 311*10* SJ - 3 l<? /rW 



PROBLEM 10.65 



j 200 mm 




200 mm 



10.65 A column of 6.4-m effective length is obtained by connecting four 89 x 89 * 

9. 5 -mm steel angles with lacing bars as shown. Using allowable stress design, 
determine the allowable centric load for the column. Use a Y = 345 MPa and E = 200 
GPa. 


SOLUTION 


SW : C 0 . V7 


F 


IsXl 

1 1 


loo 


7 i.l 

A 1 


A[_- I 600 

X ~ Z5. S t 

I x r l.jqxlO* K**, 

J ~ loo - X ~ 77. z 


1= 4 + I*") =-‘<[(I60 oX 7«') 1 + 1-l‘Jx/o‘l 

= 37. 774* lO c 

A - HA U - £400 - GMOOx/O " 6 ’^ 4 




- yX~ * 79.053 * 77.06"3*/o*^ 


£.4 


la - 

P ‘ 77. 053 x /t>-s 


80.758 Q. 


ie/r _ 


0.7 5683 


F.S. - f + f(o.7S6&3 )- ^(o. 75“683) 3 = l. 87G3 


t (1X7.33 * I0 4 )(64oo*/ 0‘ 6 ) - S3/x/0 5 V ? 831 kM 



PROBLEM 10.68 


n 


0 


c 


n 


D 



10.68 A column of 23-ft effective length is obtained by welding two £ -in. steel 
plates to a W10 * 33 rolled-steel shape as shown. Using allowable stress design, 
determine the allowable centric load for the column. Use a Y = 50 ksi and £ = 29 * 
10 6 psi. 


SOLUTION 

F < or W 10 x 33 


A= 9.7/ d - 9.73 b f ~7 .760 i 

J y ^ 1 70 i- * ~ “ 


IW. 


in ■ . = 36.6 


f - 
Stee^ : 



imin 


A = 9.7 1 4 (OCf >(7-73> " 17.0075 in'" 

I* = 170 + >( 7 . 73 ^ ■=■ 227.57 i** 

I Y =■ 36.6 + + ftV + i( 7 . 7 S)(|) 1 

* 36. 6 4 flO) 6&. 37 4 0.093] * )€3.M3> W 

r 3.160 1.. 

17. ools 


q = -- = ,07.00 

U = 53 f+ = *76 .« - W.03< C c ^ = 0.83^08 

ES. - f t |-(o. 83^08) -i(0.8 32.08)* = 1 .100,7 


6* ' ^ [ > * i(^J - T& [ ' - i WS- J«i 


r - (17. Ws'Y 17.007?') - 27 2. fc* 


P* 


PROBLEM 10.69 


216 mm 



M 

4 .B 


< 


i 

4 




.4!? 

i 



f 

\ ■/ 




t 

ft 

■ 


, : 

ft 

W 


: 

A 




\ 


fs'r 


7 . 





M 





: 


• i f 

j 'll 

L 



140 mm 


10.69 A rectangular column with a 4.4-m effective length is made of glued 
laminated wood. Knowing that for the grade of wood used the adjusted allowable 
stress for compression parallel to the grain is o c = 8.3 MPa and that E ~ 10 GPa, 
determine the maximum allowable centric load for the column. 


SOLUTION 

G d inet\eA C - 0.9 } Keg = O* 9 1 "8 

61 - 8.3 £ - loooo HP* 

A - (2.l6)0lo> r 30290 ^ 3 OZHo^lo^ ^ 

L = 9.M L/ol ^ 31.927 


d * 190 ^ - O. J9o kvA 

&c- = -C&»iltlXl£ l P 00 i er 9. 23 IS MPft. = 0.50986 


(L/s/) 2 - " (31.429) + 


U - 


- O. S3 3 8 1 1 

2C (2 )(0.9 ) 


- ». 0.566 II 1 


Cp- U - L) - V = 0.96801 

54 ,* s;c p r (g. 3 Xo. 9 ^ 8 oO- 3 . 8895 MP 9 

- (3.8M5*/o‘ >(30*90 x/cf 4 ) - // 7 . 5 >/o’W - II 7 .S* JrW 



PROBLEM 10.66 


L — 7.0 in. — *j 


r 

ts = 

J=£ <z r 

Y' t — c 


10.66 A column of 21-ft effective length is obtained by connecting two CIO * 20 
steel channels with lacing bars as shown. Using allowable stress design, determine 
the allowable centric load for the column. Use a r - 36 ksi and E~ 29 x 10 6 psi. 



SOLUTION 


c 10*20 A - S.8& 1* 

T# = 78.4 in 


X - O. 606 ivi 

Ij5 Z.E I .V 


■ t'H 



c 3.S-X 3 2. 844 in 

For "fKe A - (2 )(5*.88} r 11.76 »**■ 

I y = COC78.4 'I - 157.8 «*** 

Ij (S.8SK*. 844)*] r ,V v 

Le - XI f+ - 2S2 in. 

7, / g v'giooo) = |2C _ 1C> 


k/h . 

Cc ‘ 


0. £7 1 GS 


F.S. = £ + f (0.67/65 ) --£(o.67U5-) 3 = 1.8807 

“ 6^ A - Oi.82yil.76') “ 17^.3 k,p» 


PROBLEM 10.67 

I 


10.67 A compression member of 2.3-m effective length is obtained by bolting 
together two 127 * 76 * 12.7-mm steel angles as shown. Using allowable stress 
design, determine the allowable centric load for the column. Use a Y = 250 MPa and 
£ = 200 GPa. 



SOLUTION 


Styee k : 


c. r JgT = = ,^. 6C 

c y (5y 7 ^ioxjo 4 


L 127 x 76 * 12.“7 TUJe. giVei Aj 24iO •*>«* I** 3-43 * lO G ^ 

jy z 44. H w'**'* j Iy ~ 1. 06 * /o £ X ~ 14. O vy ~ 

I x r ^ r (2)0.06 */0 *) “ <?. |£* lO 

> I* 1^ * Iy 8 Z.l2*IO c *m H s Z.lZ*lO C wt y 

A t 4A t . - 484 o w* = 48V© x /O' ** m' 

r = -/S a. r J - ^.i3x/o'V 

7' = |0? -" 0 * ^ ^ °' 87 ^ 

F.S. - ^ + -f (o.g74«-')--£(o.874Ss') S r l.qilo 

^rf i [l-K^5)*]= 80. 7*? « JO 4 Pa. 
Pj, - 6^A = (go_7<*xio‘)(‘isi | o»/o-‘) = 311*10* |v/ » 3^1 kW 




PROBLEM 10.70 


10.70 An aluminum structural tube is reinforced by riveting two plates to it as 
shown for use as a column of 1 .7-m effective length. Knowing that all material is 
aluminum alloy 2014-T6, determine the maximum allowable centric load. 


\ « mm o mm / 

— ♦ -*j— 34 mm SOLUTION 

— gSF b 0 5 ^ B 4 3^ + 8 + £ - mm 

” f mm hi - mk, 

fill he * 2 + 5^ * S r 7<9 

, W he *= ^ — 

, 'i A - bA ’ («X*>)-(si)C5i) 

mM _ n tr* u .. ml 1 - 7 CM 


*- 2. son */o s » * Z.SO*i*( o' 5 

I* = sk[ b » H , 3 - k V] ; A f(« too? - ^ 

T 1. 3 ZGOZ * lo c mm* 


L - Kl 


Ij - £[ b # b* ' b-b/J « ia [*C7o)(« f - ) S ] - L2l337x/o 4 - I~- 

- fl£L - I J : 3 - ^2.^13 MM - 22.013W6 3 Kv L r /*7 ^ 

’ ] A 7 

Jr: r — bJ? - r 77 ^3 > 5 * 5 ” 2olH~ TG 

r 22.0 <3x10* 3 J 

372 Wo* 372 WO 3 _ ^ M p_ 

- (L/r~ ’ “7:23- • G2 - i/ 

<p M r 61«A - (62 .37 *{o l )(l.SM * IO~ 3 ) - 156.2 H/o 1 W * /56.2 kW 



PROBLEM 10.71 


/ft 72 A 280-kN centric load is applied to the column shown, that is free at its top A 
and fixed at its base B. Using aluminum alloy 2014-T6, select the smallest square 
cross section that can be used. 



SOLUTION 

It - %L - UK 0.3©') -= O.CO v-x 


I - rk b" 

Z.Q1Z5 

b 


T ~ 




A 


-Aa 


A - b* 

L _ 0.60 Vl? 

V* * b~ 

As»««. 7 < 56" £«=• 212- 1 «ia-(L3-«rVa.07W/i) 

= (2)2- MPa =[212- np'JOo‘1 

5 A = OlA'.fe* - 3.2*) 4 b] OoO = W«»’ 

2l2b^- 3.21*< b - 28 Q»/o~ 3 = O 

. _ 3 . 21 */ 4 t/( 3.2*H)* 4 (*) Xai OCaao»*/o' 3 ) 

b ' (CZX2I2') 


- 3 

4 L l.‘1*IO tn 


L _ 2.018S _ ^021£- T 26 < £■£■ 

7 ' fc> ~ 


qq.qy/o' 

b “ *44.^* /o' 1 


A *$***- ’ 


r ^4.^ ^ 



PROBLEM 10.73 


90-mm outer 
diameter 


C<xic*$ 


10.73 An aluminum tube of 90-mm outer diameter is to carry a centric load of 1 20 
kN. Knowing that the stock of tubes available for use are made of alloy 2014-T6 and 
with wall thickness in increments of 3 mm from 6 mm to 15 mm, determine the 
lightest tube that can be used. 

SOLUTION 

L - 2^0.^ J P = 120 * \O l W r o - 45*^ 

ti * r 0 - t A = 7i (r 0 '~ kv* ) I - ? O* 4 - ) 

r- /TTa 

For 2014- ) G 1/ JJo^ 

Suf- 212 ~ l.S%S (L/r 'J MPa. ^ ^ 

_ £7* x jcg M Pa. ,f L/ir>SS 

P*^ ' 61^ A 
P*»/- e.6^k 4'ki'e- l< v\£S * . 


t 


A 

I 

r 

L/V 

6> 



P1»M 

X 

I0‘ w ^ 

• Wiw 


MPa. 

kW 

G 

3* 

W3 

1.404 

24.72 

IS. SC. 

£5.1* 

|o3. 1 

4 

3C 

2240 

1.401 

2S.S2 

7«. 08 

G | .01 

134.7 

u 

33 

244 1 


21.40 

20. 6S 

S7-2o 

168* 2 

IS 

3^ 

3534 

2.53 4 

Z7.04 

33.20 

53.74 

/S4.4 

Si tttc 


Wvus j 

l>e ^ r-eo'fes' 

■rtct* 

120 

Ose £ = 

1 



PROBLEM 10.74 



10.74 A 1 8-kip centric load is applied to a rectangular sawn lumber column of 22-ft 
effective length. Using sawn lumber for which the adjusted allowable stress for 
compression parallel to the grain is a c = 1050 psi and knowing that E = 10 * 10 6 psi. 
determine the smallest cross section that can be used for the column \fb-2d. 


SOLUTION 

ber C - O. % ^ 

6; = 105*0 psi F - IOx/0 6 pSf' 

A - 3d* L= - *64 L/ct ■= 


A 


Assumed £ P - 0.5 

- 61 C p = (/oSo)(o-6 ) = 5*5 ps.i 

Rat - 6a/ A * £ 61// d x 

- 1 1 % Q 00 
Z <5at 


i 


9** 

7 6Uf 



V. /d ^ 63. 76 

61, / 6; * 0.7oZ3 


~ g 

° cC ~ (L/d)* 


- (Q.S)6ov<oO - 3-x/P 4 

(L/^) 1 "1E35TF 


4./4 i« 

737.^5,' 




C F - 


) t- 6c S A SI 
Zc 




- 0.5601 



6at (psi Y 

d('V\ *) 

L/d 

6^ (psi Y 

fee /6c 

effect cv 

. w> 

0.5 

575 

4JM 

£3.76 

73?/? 

0.7^23 

0.560 1 

0-0601 

0.5G 

5B3 

3.41 

67.48 

65S.8 

0.6 275 

0.5/6 4 

-0.0431 

0.535 

56/. 7S 

4.00 

£6.00 

68*. 7 

0.6554 

0.5337 

- o.oo\3 

O.S343 

5G/.0 


65.4* 

640.4 

0.6S75 

0.5346 | ^ o ] 


AnSh/e^ d- 4.01 |V|. 



PROBLEM 10.77 


10.77 A column of 5.6-m effective length must carry a centric load of 2750 kN. 
Knowing that o Y = 250 MPa and E - 200 GPa, use allowable stress design to select 
the wide-flange shape of 360-mm nominal depth that should be used. 


SOLUTION 


0 < 5 V.A 

1 F. s. 


A > 


(F.S ^ P _ 6S/3Y*7SP»/o*) _ 


n z El 


* /o 6. 


13^33 x IO~ 3 - 13330 


T > e Q^zXZ7SQyl^£Lt = g 3.1 *!<>**' - 83.1 

Tr*E Tr^Czooxio'* ) 

Try W 360 * 2)6 A ~ 2 . 7 6 oO = 27600 * ) 0 ' c 0 J<. 

J X.. n r ?83>/O c ^ 6>. 

Py r JO| KiHi - /£>/ x/o " 3 

Cfjw-pski 31 - 


u r ^5'.^ < C t 

IT lol*l o" s 


U/r _ 


0. Hf »2: 


F.S. - f + f (0.4MU3)“^(o.^Sl23r r l.82l«f 
ft* " 5«A - (l23.<? *10^(17 too *10*) - 3 S?o» lo s M * 3-/20 JtM 


3*^0 kK/ > 2 75"o IcM 


Use W36o x 2/4 



PROBLEM 10.78 


10.78 A column of 4.6-m effective length must carry a centric load of 525 kN. 
Knowing that a Y = 345 MPa and E = 200 GPa, use allowable stress design to select 
the wide-flange shape of 200-mm nominal depth that should be used. 


SOLUTION 


p < 


Si A 


r » 

> (EQ ^ 5^ y/o" 5 hf - wm' 

GV SMSkIO 6 - 


p < 


GV 

TT*EX 
i.ia I** 


T > L33 = LLdi Vszs»/o’)(¥.cy - jo 89 X jO* - /0.89*/o S 

n'-E “ 


W 2oo x 46. \ 


A -- £860 w, *■ I„.v - I S'. S * /o 4 ^ f = Sl.l*/d 3 m 


Cc - 




3Hfv)o 6 


= 106.97 


L* _ 4.6 


90.02. < C c 


L.c. 


f-S. * § + -§(o.8‘HSH')-i (O‘84IS*0 S = 1.1017 

1 1 ‘ 4<0 - sw ' ,) ‘J ' "‘' s ^ 

- Suuh - 0*6.8 *to c )(S$6onlo‘) ~ G 8V kU > SZS kV 


Use W ZOO * V6. I 



PROBLEM 10.79 


10. 79 A column of 22.5-ft effective length must carry a centric load of 288 kips. 
Using allowable stress design, select the wide-flange shape of 14-in. nominal depth 
that should be used. Use Of - 50 ksi and E ~ 29 * 10 6 psi. 


SOLUTION 

? < A > t ( s/ ^ 28 ^ = ?.g 

p, Of •-> o 

Le - ZZ.S - 210 m E = p/ - 2*1000 l*>; 

•p< £££- t > 1^1 £k* - r |i4o 2 ,v 

Try W A * i m a ^ 2^= Hg ^ r * ^8 <‘i 

r 52T , / ZTr'&oopJ _ loroo 


C..^ -- > 07 -- 

r iBuT r l°2-87 > 107.00 

e- - yg ... _ jll^Tooo} _ L . 

f Jt - Sit, A - 0 ZS-sYti.l)- 303 k:^ > ;?g2 lf.| 

Use W 


PROBLEM 10.80 


70.80 A column of 17-ft effective length must cany a centric load of 235 kips. 
Using allowable stress design, select the wide-flange shape of 10-in. nominal depth 
that should be used. Use a r = 36 ksi and E = 29 * 10* psi. 


SOLUTION 


P < ScA a .CE^P , 


- i i» 


L t = n * Xoh ,•«* 


E * - 2*1000 ks«* 


tt*£X 
1.^1 Z L x 

W |o x S ^ 


7 > 

1 -n l E 


Cc* 

fzir'e 

v «v 

Le _ 

Z04 __ 

r 

2. 54* 

F-S. 

- S*4 

61« 

- fe[»- 


l^PU_ x , (i.qa Mass Xam* - 

•n^E ' 77*(^ooo) "* 

A - IS. 3 in Iy ” 103 ir 1 f f 2*S£> in 


L^/r .. . 0.631*?*/ 

Cc U6.IO 


- <5^A ^ 0^.3'? K = 2^3 tops > 235 top® 

Us« W lo v 54 



PROBLEM 10.81 


10.81 A centric load P must be supported by the steel bar AB. Using allowable 
stress design, determine the smallest dimension d of the cross section that can be 
used when (a) P = 108 kN, (6) P = 166 kN. Use Oy = 250 MPa and E = 200 GPa 



SOLUTION 

C lEI r 1 ^(200^1 - U5.G& 
c V ev if zso 

L e - L - J . y y>o 

A - {Sd)(al 'l » 3 a! 1 

I - •^(aolKd'l 5 Ifd* 

^ ' °-* 8S67r J 

(a.} P =• /OS’* /O 3 N Assu>^e - 7 ? > C*. 



Par 

000.40 _ 

30. 125 * IO -3, m 


it e EI r U x _ _l j* 

nrzr* 1 r ^ 

ir^Czoo * 10 ^} 
r - 8 . * /o “ 3 ki 


U , _L=Jj .. igo.71 > \ 2 s.cc A - So. i 

r ‘ g.Gtwcr* 


CL) ?= ICG x lo % KJ 


J */ - 

WYl/tOPi-eV 


tTe 

d “ 

33. .543* /o~ 3 

Le 

L4 

\r 

1.6S24$“Wo“ 3 


Assume 

( H Y 1.42 ) 0 » )cf )Q- H )* = 

ir z (200 x 3 

, r - 4.6821 S^io'* 

m.SS > I2S.46 ^ 


1.2^5S&^I0~ 

A - 33. S" KVM40 


M 




PROBLEM 10.82 



10.82 Two -3^ x Z £ -in. angles are bolted together as shown for use as a 
column of 8-ft effective length to carry a centric load of 41 laps. Knowing that the 
angles available have thicknesses of £ in., J in., and \ in., use allowable stress 
design to determine the lightest angles that can be used. Use a r = 36 ksi and E = 29 
x 10 6 psi. 


SOLUTION 

s+eei ■ E “ ZIOOQ Ift* 




L« * 8 -P 4 “ H 


Trv L "x 2 . 3 1 x « »*». 


A - ( 2 X 5 .li } - 

!„* COG.o^- 2- is ;«*■ <■ X, 

r ^. 


Ls £ C9 > C 

ba ^ ’ l^iCLAr) 1 - ” 1.72 033.52^ 


0.7/1 in. 


- x - 8.3£ 


\ir 




pu< - (SL«A - •- 55 . 3 k.'ps < Ml lops 

A r (21(2.75') 'S-Sto <’« l 
r - O.loH in 

k r - 3 S _ - - / 36 . 3 <S > C e 

<r 0.704 

6 - , . tt .LF- - 17 (* e, 000 . X ~- - 8 . 0 Zk%; 

l.nCL/*-)* Cl.«»Xl 36 . 30 *- 

Pjtf- S’.* A - (H.o^Cs.s-o'i - Hi. I k.'ps > HI k.>» 

Use L 3£ * * a **>• 


t)o r»oi use. 



PROBLEM 10.83 


2-j in. 2j in. 


10.83 Two 3^ * 2 i -in. angles are bolted together as shown for use as a 
column of 6-ft effective length to carry a centric load of 54 kips. Knowing that the 
angles available have thicknesses of £ in., | in., and in., use allowable stress 
design to determine the lightest angles that can be used. Use o r = 36 ksi and E~ 29 
x 10 6 psi. 



SOLUTION 


S "Veejf • E « Z^ooo ksi 


Cc ~- 


<S> 


u » 6-9+ - 7 Z 


- UG.IO 


T*"j L 3 i» Z{*\ ** 


A - CzK2.ll } - ^22 

= = 5-.U .V 

X, - a.fi.09 4 ft. nyawoYj =* +-OI8 = X*. 

J »“r — 


. Mr* 




- O.^lSS 


0.4758 


r 73.78 < C 


/ 4.2* 

- 1121— ~ O.-SSSM 
C t 1 I o 


F.S * f 4 £(o.S&Sc*)-%(Q.S&Scrt) 1 - /.«6/o 

S* - = ,6 - oS ks ‘ 

Pur -- <3jf A ? OC-.olX^K) - 67-7 k.'ps > £4 4.'(W (atPowaJ ) 


Trj L 3i>2i» tj iV 


A - - 3.S8 <V 

I*» (ZXl. So - )- 3.60 iV 

Ij * «)[<>. T77 + Q.WYo .CH) J - 2.C317 IM - J.*, 


1 V5^-' 


is t 7 - ? ;- — 7S-.205 < C c 

r 0.4S738 c 


- °- c '75S8 i«. 

7T 5 fffi -• °- 5ei£33 


F.S. - -§■ + f (O.S1633) - ^(o.Si633)* - 1.8638 

&[»- s *- 88 k "' 

Pjf r 6> A - 0&.86X&8*') = 4517 ttpa <“ 5N us« 

Dsc L 3£ * '* 



'\ 


PROBLEM 10.84 



10.84 A square structural tube having the cross section shown is used as a column 
of 3.1 -m effective length to cany a centric load of 129 kN. Knowing that the tubes 
available for use are made with wall thicknesses of 3. 2 mm, 4.8 mm, 6.4 mm, and 
7.9 mm, use allowable stress design to determine the lightest tube that can be used. 
Use o r = 250 MPa and E « 200 GPa. 


76.2 mm 


[* — 76.2 mm — »-| 

U r 3. ) 
S+ee^ : C c 


SOLUTION 


76. Z 


V)** k- zt A = k. a - k* 


>n 

P- 139 jOJ 76.2 

gjryg Utt* (200* r. 


T^/ £ ? 4.8 **i*\ ~ 76.2. “ 7 G6.C mm _ j 1 

^ A - (76.2^ -(66.6 )* - |.37088*/o s mm Z * I.37d8S*/G im 

I* \.\100S*10 C *»? * K 1706$* > /o' 6, m* 

H.Sh/cr 1 

- 106 -" ' - °- 8tms 
F.S. - f 4 | (o.84^S)- £(0.g*«#H3y - 1.9081 

<s« - *•*■**"** 

?J»- Sju A - (^. 3 x io‘X 1.3.7088 »/<p 5 ) = IWWO’W 
- ns*.6 kW 129 k\J Do osc. 


I r-vj t r 6. 9 M»*i 


^ k ? 76. 2 - 12.8 - 63.4 mm 

A * (76.2)*- (63. <0* - l,78688*/0 3 mm** I.78G 88»/o toS’ 

1 = ja [(76.2 V- (63-*O s ] - 1.4C3IG* IO c mm* = /. 4C316 v /O’ 4 im* 

^ r 1 ’ ZS.QlS'^ld 1 m 

lo. 3. I Le /A _ /••, o t <1 n 


^ ' 




- 108,33 < C< 


0.862/2 


f.S. = f- + f (0.26212) r \-'<™ 

sje * •- -* 82-^»«/o 6 P* 

Rje r k«A - (8^.2 ^k/O c K U7S6SS W /0‘^ “ /47.0*/o 3 N 

- 147.0 kKJ > 159 M 


Use £ - 6. 9 mm 



PROBLEM 10.85 


|*« — 127 mm — *j 


* 10.85 A rectangular tube having the cross section shown is used as a column of 
4.5-m effective length. Knowing that cr T - 250 MPa and E = 200 GPa, use load and 
resistance factor design to determine the largest centric live load that can be applied 
if the centric dead load is 140 kN. Use a dead load factor y D = 1.2, a live load factor 
y L ~ 1.6 and the resistance factor (p= 0.85. 



178 mm 


SOLUTION 

-- 1X7*^ W-= 


- b» ~ 9 165 *'*»■*'' 


*Vl ►vf 


A= b„K, - io.-k; - tmXin) -(i£X)(\>\'> 

= 46 74 ww 1- • 4£24 */0-‘ *> l 

I -- b.-tl;' 1 ] - = II. 92 13* to* 


r ; 


wia*/©* 

463.*/ 

SO .776* wm 

= Soj7S'*fo* i<w 

L 

<f.S 

- 




SoW* icr 2 



Xc 

- — ./-S 

V'TT Y 6 

_ 2S.62 

IT 1/ 

/ 25©WO c 
700 x lo'* 

= 0.4374 ^ /-4 


X * r 0.4348 


v 0 s ^ 

P., * A(0.458r6; = (46W x/O 4 Ho. 658) ' (ZSO «!(><)* 1G2.Z »IO V 

— ns i t LM 

YpPc + Y1R. - <PP» 

(l.aXl‘(o')+ 14 Pc * 


- 76?. s 
P L = 300 Vtf 



PROBLEM 10.86 


*10.86 A column with a 19.5-ft effective length supports a centric load, with ratio of 
dead to live load equal to 1.35. The dead load factor is Yd = 1-2, the live load factor 
y L = 1 .6, and the resistance factor <f> = 0.85. Use load and resistance factor design to 
determine the allowable centric dead and live loads if the column is made of the 
following rolled-steel shape: (a) W10 x 39, ( b ) W 14 * 68. Use E = 29 x 10 6 psi and 
Oy = 50 ksi. 


SOLUTION 


Lg - l<f.5 ft - Z3H '•» 

( 0 l ) WlO/3^ A= II. -5" »’** VJ = 


Iz/iTj - II?. 1 8 


v LVr /I 

‘ 7 T V E 


~J z2- - 
2*1000 


= > /.5 


p . A ( 6 .S 77 \ g . Ok£ii^iZlK^l = 206. C 7 k.>. 


r o p 0 + tip, -- 

(l.'X)(l. 3 S P L ) * 1.6 Pl = ( 0 . 8 S-X 206 . 67 ') 
(b) W Hv6* A - 7o.o in rj'2.46 m 


* -73 . 7 k.ps 
P L - ki'ps 

U/KV r IS. 


„ yjr. [!i 


4S.\ Z 

TT 


SO 

71000 


- \.2S7Z * I -S' 


- 1.5806 

p 0 , a (o.&sg^V - (2P.o')(o.6y«V S ^‘Cso') - sit k;p* 

X Pn + Yl P, ' <J> P« 

° ° L T Pp* > 83. “7 lops. 

(1.7 )(I.3S Pc) + 1.6 P, <0.8 S-)(S-i6) P = 136.2 Wps 


PROBLEM 10.87 


r 



"10.87 The structural tube having the cross section shown is used as a column of 15- 
ft effective length to carry a centric dead load of 5 1 kips and a centric live load of 58 
kips. Knowing that the tubes available for use are made with wall thicknesses in 

increments of jg in. from £ in. to f in., use load and resistance factor design 

to determine the lightest tube that can be used. Use <^- = 36 ksi and E = 29 x 10 6 psi. 
The dead load fector y D *= 1.2, the live load factor y L = 1.6 and the resistance factor <p 
* 0.85. 


SOLUTION 


| I L e - iS’-Ff - ISO 

(-• 6 in. n 

X ? 0 + t r u = <? Pa 

f. . . „,. t ,. p . 

Try t - Tf in" o.tgi* be - &-0 bi : ■ bo - Zt - SS »«. 

A * bo Z -b/ - 


r r JT . [EH 

x v A * 7 

\ - b; / Cy _ 

tt ll c 


“ 2. 3*^6 in 


Ls - iso 


- 76.61 


7C.61 r$G 

TT V 2^ooo 


= 0.23916 \.S \*-OJZ2\3 


P u “ A (0.6^3^ <SV - (5.7 S')(o. 6S‘8^ ^36^- Z52.& fc.jw < |*J. * fcp« 

Tbrckn^S* <5 +» 

S»riC« *Pu f S 6jpproY.ir^^4'eJ^y ^>'opos j / ■}" li » c > v*eqvtfeJ 

+Wre.fcwe*S >S fl-pp 

tv£L ^ r HiJS * 0.236 .V 

O^S- Isa ^ 

"TVy £ r 1& i* ~ 0.3 1 iv>. j b* ” -5-37S 

A - 7.1099 I r 38.44 .vV, 2.3W3.** “V? r 77 " 4/ 

X t - 1 0.868)1 « I-* *‘‘ r 0.7S36I 

Pu - (l.\o‘H)(o.iSS)° ' 7S, “(.SZ') - |8t.7 k.'(» > 181-2 k>p= 



PROBLEM 10.88 


*10.88 A column of 5.5-m effective length must carry a centric dead load of 310 kN 
and a centric live load of 375 kN. Knowing that o r = 250 MPa and E = 200 GPa, use 
load and resistance factor design to select the wide-flange shape of 3 10-mm nominal 
depth that should be used The dead load factor y D = 1 .2, the live load factor y L = 

1.6 and the resistance factor <f>- 0.85. 


SOLUTION 

+ r L v u = cpp. 

o . , -o _ - n.2Y3ioWuY3w') , | 143 kU 

r u " (p ~ 0.85 

Pv'e J? iVi no./ >-i Co i Aj-M t OK 5 


3 

GV A .*• A > 


To - 1 1 43 * 1° - 7 £ y / o ’ 3 Vv, 2 " - 4572 WMMV 


'O ^ ** M 6^ 

O ^ Tf Z EI . T > r V - 

r ^> t 1 - " IT *-£ *TT t (2oO v fO* ) 

■4 




T*w W 3lo*£o A - 75?o ^ 

J X,- IS.3*/©' 


72*90 * /O' 4 




^ =• 4^,1 ? ‘rt.J x/o’ 5 *1 




u 

Ttr 


/ gy~ - j-£ / ?To/io r = L^GOfe 1-S" 

1/ E ~ 7f(4U*fO‘') 7 200 * 10 ' 


\c = 1.5392 

f> = A (o.C^S^Vr - (7590WO ^(o.SSsV ** 

^ f <3 75 x;j o 3, M * 975 < // 93 J<W 

Too kt* Do * 


W3/o x 74 


A “ 9480 - 9480 x /o" C k, t 

- 49.7 5 


49.7*/0' c ^ 

\ - JL£ ^ f.^5H Xc^ - 

“• lr(4^.7K-/o* ? )lf 100*1 o' 

p - (9480 */ 0' 6 )£(?. S58') / ‘^ ° (.2So*lo c } - 123S*/O s l^ 

=r 1^33 kM > HHS ItU 


W 310 v 79 


PROBLEM 10.89 


SOLUTION 

cf 12s t'*'i***> ” O. 1 2 5” h>» 


10.89 A sawn lumber column with a 125-mm -square cross section and a 3.6-m 
effective length is made of a grade of wood that has an adjusted allowable stress for 
compression parallel to the grain o c = 9.2 MPa and a modulus of elasticity E = 12 
GPa. Using the allowable-stress method, determine the maximum load P that can be 
safely supported with an eccentricity of 50 mm. 


A * <k X - l vS 


_ 3.C _ 


o. 1 3T 

Gl- *?. 3 MPo-j £= 1 7.000 iov-U-r: c = < 0 . 8 ^ I 4 - O .300 


* Z8.S 


GIb - 




(U/eb 


I " ^ MPo. 6- e /(^ = 0.47177 


Cp ■» 1 4 frl ^ ^ ~ ’ = o. *4 1 3 41 

61 « - C c - - 3. 804 MP*- e - ^ - 0.05-^ »* 


r- 75 A' * -k(o.\^y * zo % sHS*t<> < ’ 


K-i 


C = id = O. 062*f 


»**> 


f * sp- < e- a * 9 '^ 
< 


61// 


61^ 


3. 80 S v /o c 


j_ , ec 

a + j: 


1 

/s. CZS*lo 


~~Co7oioT?o7oe7? 

“3 50 <WC X /f^-6 


= I7.H-8 x/o 3 N 


So.l-iS x /o 

P < 17. 48 kN/ 



PROBLEM 10.90 


SOLUTION 

c5 r !?s fn*"i r 0 .\ 2 .£> 


10.89 A sawn lumber column with a 125-mro -square cross section and a 3.6-m 
effective length is made of a grade of wood that has an adjusted allowable stress for 
compression parallel to the grain a c = 9.2 MPa and a modulus of elasticity £-12 
GPa. Using die allowable-stress method, determine the maximum load P that can be 
safely supported with an eccentricity of 50 mm. 

10.90 Solve Prob. 10.89 using the interaction method and an allowable stress in 
bending of 12.8 MPa. 

A - » 15X25*10* vS jp - S 


<$ c ? MPo E~ 12000 HP A. C r O. 3 ^ k^ e = O. Soo 


_ (o. 3 ooYi^qoq~) - a *1 J MP« &£ /6; - O. 47177 

' (LAO* ' (**.*)*■ 


Cp - 


\* <Sce/<5i 

2c } c 

=r 0. 

4/347 



<5^ c = 

= (i.zYo.m 3H7)^ 3.80* 

Mpcu 

e - 

SO mm - O.OSO 

y+t 

I - i? 

d H - £(o.ivry? 

Zo.3<t5~*/o^ ^ 

C 

= ±A * 

O. 06-25" to 


T ... 

+ ^ ec 

\ 





AS-^ 

1 <S^a 

1 


1 




r < 

i ^ ec 

~\ 



fO.OS^V’O.O^r ) 


J 

*/o‘ 

) (*>. 


/O*) 



= 34.7 * JO* N 

= 34.7 UK/ 


-* 


PROBLEM 10.91 



10.91 An eccentric load is applied at a point 1 in. from the geometric axis of a 2.2- 
in. -diameter rod made of a steel for which a Y = 36 ksi and E = 29 * 10 6 psi. Using 
the allowable-stress method, determine the allowable load P. 


SOLUTION 

C ~ cl ~ LI •‘'t 
X = %C H - I. i 




A - TTC* - 3 . 8013 in' 

* 


Z' - O-S&o iV» 

Lc/r= tr 81 .Z 1 ZH 


L e - <w 


U/V _ 
C c ‘ 


0.69ZI 


F.s. - f t |(o.69aiV-i(o.CWlV - I.2S48 

C* * |r [»-*(^*] - ^[l-Ko.ewO 1 ] ■= w.«t kti 


PROBLEM 10.92 



2.2-in. diameter 


10.91 An eccentric load is applied at a point 1 in. from the geometric axis of a 2.2- 
in.-diameter rod made of a steel for which o y = 36 ksi and E = 29 * 1 0 6 psi. Using 
the allowable-stress method, determine the allowable load P. 

10.92 Solve Prob. 10.91, assuming that the load is applied at a point 1.6 in. from 
the geometric axis and that the effective length is 33 in. 


SOLUTION 

C * A 9 f. \ m. A * 7TC Z =■ 3.801$ m* 

J> f C 1 - I. wr* r =• V? - 0-550 m 

L e * 33 IM L« /V * 33 /<?. JfO -- eo 

r j2fg**oo) 124 -/o 


■ --JnL 

c V 6- r 


— 0.4752 F!s. - f + -|-(o.47s'g )--f Co. 4 / 53) 3 - 1.8316 

Sut - ^ 7 [ I - * (^’] * r#i?1 1 - * Co.utsxT] . 17 . <»; 

fk + £«ec , 5 .* P.« « K* R« 


-07. **80^3^75 ^S? 0 ] 


-I 


7.72 kips 




£ 


PROBLEM 10.93 


10.93 A column of 5.5-m effective length is made of the aluminum alloy 2014-T6 
for which the allowable stress in bending is 220 MPa. Using the interaction method, 
determine the allowable load P, knowing that when the eccentricity is (a) e = 0, ( b ) e 
= 40 mm. 



SOLUTION 

b - IS*2 *. 


b- - - 2-t ~ \72 


| A ' b<^ “ " 8220 ” %Z20*lD C 

I 5.5 m J - ^(b^- b;"') * Z£.OZ*IO‘ 

I V' - ' SC.Z&* 

1 V ^ _ 

I — Jr _ g - <7? 76 > ^ 

m y ‘ 

_S22 * is! — - — 3g ^2. MTV ce^*fn‘c i'n«| 

(77.76)*- * J 


}-*— 152 mm -*] 


r 372»tO : 


Pec 


AS*,* *<$>> 

(a.) e=o P- A61* >); « C8«0»/C'‘X28.^2»/0 4 ')a 340*(£^fJ = 

(b') e - 4o»|o‘* w C - i Osz) * 76 w»> - 76 »/o 5 

E 4 7 ( 40 *lo-M( ,76 'to' '.2 = 3.eS6&*to‘ P = » 

(XZao.(<3“K3«-«>'W‘) (26.0Z*lO-*)(MO* IO‘) 

p r 27-3 »|0 ! W - 27S 


r 


PROBLEM 10.94 


10.93 A column of 5.5-m effective length is made of the aluminum alloy 2014-T6 
for which the allowable stress in bending is 220 MPa. Using the interaction method, 
determine the allowable load P, knowing that when the eccentricity is (a) e = 0, (A) e 
= 40 mm. 

10.94 Solve Prob. 10.93, assuming that the effective length of a column is 3.0 m. 


152 mm 



SOLUTION 




b 4 - b 0 -*fc - m 


J-»— 152 mm -*j 


L _ 3.o 

r ' S£.26>*fo* 


A - - ZZZo r ‘BZoovto*’ ^ 

I T 7a( C- W ) - *6.02 Wo 6 ^ 

^ r _ 56.26 ~ 52. 16 * Id ’ 

r A 


- 3 * 3 . 3 * xr 


Sut^ - Ziz - 1.586' (L/r 1 =• 212 -Cl.5»5'X3*3.30 - \2'7.S M Pa. 

~£ + -EflC- r | 

e = o ?-A61 « t (822O*/O c )0?7.£*/o0 ~ 1048 wo’ M = /o48 


(b*) e - Ho : HOv/o' J i 


C - ) * 76 *»* - 76 >/o~ 3 ^ 


E , - , **r**ld‘P , ) 

(&ZJtO*tcT 4 Xu*?-S’> f /O fc ) tx&.oz *io~ c )6?*o X /a*) 

p T £73 x /o J M ^ 673 k\J 



PROBLEM 10.95 


2-in. diameter 



IP - 10.8 kips 


10 95 An eccentric load P = 10.8 kips is applied at a point 0.8 in. from the 
geometric axis of a 2-in.-diameter rod made of the aluminum alloy 6061-T6. Using 
the interaction method and an allowable stress in bending of 21 ksi, determine the 
largest allowable effective length I that can be used. 


SOLUTION 


1.0 m A 'TiC' * 3-1^16 

I - 5 ct “ O.IVS* m 1 t- /j” ~ O. ; 
e - o. 3 in ' 21 




e - o. 3 in 

+ fss* , 


JE_ r I - 
A6^c 


jl _ A.i'i p££ \- Ullk \ I . f/o.aXo aXt.a')' ! „ /38 ^ w;' 

5d,<. p v /o.» L (o.isfi X»0 J 

(SJj, = 7. 22. Ksi Ass^>~ie L/i* •> GC 


Gju =• 


5VOOO L . I77g «'o , gf.os > CC 

L- 84. OS' r - (81.C>S )(o. S') r 42.0 m. 


PROBLEM 10.96 


2-in. diameter 



IP = 10.8 kips 


ifl 95 An eccentric load P = 10.8 kips is applied at a point 0.8 in. from the 
'metric axis of a 2 -in. -diameter rod made of the aluminum alloy 6061 -T6. Using 
fte interaction method and an allowable stress in bending of 21 ksi, determine the 
largest allowable effective length L that can be used. 

10.96 Solve Prob. 10.95, assuming that the aluminum alloy used is 2014-T6 and 
that the allowable stress in bending is 26 ksi. 

SOLUTION 

•1.0 m. A - TTC~ = 5.IH& ‘V 

I^C 1 - 0.78S-M r 

e - o.z iW <$>,«, - zc 

P . Pec. _ , £. r I - £§£- 

A 6^ I <£*,(, ' I6> -‘ 

\ - 3^1416^ , - £L£lX£^tS}l e 0./678 k*i~' 


Pee 


I _ A (, Pgc \ _ 3^1416^ , . Q‘>:tXo...fO- a ' I e 

6^ - pi 1 ' IS>,1 ) ' ie-8 1 C0.78S4)fS6^ J 

5]_^ c r 51 4£ fes/ Assume L/r > SS 

^ SHooo L . 1 5^00° _ ls*iooG - ^ 

r (L/rr r '-Y I 

L * <?s; ^ r r («?r. y'o.s ^ - 47.4 »*. 


r 


L. . i£±oco _ 
r *1 6Ur,c “ 


r^Qgg sr 7$. * 55 



PROBLEM 10.97 


z | P = 105 kN 


240 mm 




-£-4 2&4GL 


10.97 A rectangular column is made of sawn lumber that has an adjusted allowable 
stress for compression parallel to the grain a c = 8.3 MPa and a modulus of elasticity 
£=11.1 GPa. Using the allowable-stress method, determine the largest allowable 
effective length L that can used. 

SOLUTION 


Jj “ I SO ~ 0.180 wi k>= ZHO - 0.240 w, 

f\ ~ - 43 .*xlo" # E- <M 0 O MPa 


- zol, 3£ y/o" < ’ 


0- ZS vr\ yy) - 0.023" V* 


= 4 -o. 


\ZO yy\ 


IQgvIO .i 

0*1/ 43,2*/^ 


,2*/^ 2o7.3£ * /0~ c 

r 3.444G MPg 


= 3.4446 */0 P* 


C»= = 0.47586 = 




Let x = sl/s; 

c = <9. 8 -£>✓* SC 


•Pow^ k>e» 


&r? - w * * / -x^ 


* ■ (J^'T - 4- 


i_^v/ . 1-00.8X0.47^) 

x -- J - (0- I - 6.H7ggfe = 5tw 


5m = 6^ (o. «**?') » (s.z)Co.sgzz 7^ 4.gggs MPa 

VL* P .2 KV, E cf* n _ . 


- *<* £ 


L 2 * 


wW K:* *0-300 


L - d 


KeE 


- - ‘'• >l 



PROBLEM 10.98 



10.97 A rectangular column is made of sawn lumber that has an adjusted allowable 
stress for compression parallel to the gram o c — 8.3 Mfa and a modulus of elasticity 
£=11.1 GPa. Using the allowable-stress method, determine the largest allowable 
effective length L that can used. 

10.98 Solve Prob. 10.97, assuming that P= 85 kN. 

SOLUTION 

dt - ISO ^ - O. ISO b T 240 mirvt - O m WO 

A = bflP * E = I 1)00 MPa. 

Ix- 

- 201. ^ 


e - 25 - 0.025 rvx 


c = j =* o. no 

g£* to* + ( SSxto'Xo- Xo. i^oj ^ 3^^ */cf p* 

4 S .2 v (o ~ 3 Zo 7 . 36 *(cr* 

- MPa. 


Q - §a«£ - 3 ' J. V A - o. - y Lef x - ^r /<51 

“ G c 3.3 

. . _ U y _ If H-x y ~ c - 0.8 > 50 ^ 

J ‘ 2c i\2o J <=* 



■ 04 ^ 1 * -f 

( | - cy) ^ * -(0»g Xo«3&S2jfl ~ 

X =■ 3 \ - 0.385*2. 

r (g.syo. = 3. Sis 


0.4335*© 

MP*. 


g* - Keg £. 
(L/rf) 4 * 


r *■ « -Saffif 

L 6*c<? 


wlie/'e ~ 0.3©0 


L “ ■* (O.lgo')-^ 


ZooYuioo ) _ 


5*. 48 *n 


PROBLEM 10.99 


r 

4 in. 

L 



— 4 in. — ►! 



10.99 A column of 14-ft effective length consists of a section of steel tubing having 
the cross section shown. Using the allowable-stress method, determine the maximum 
allowable eccentricity e if (a) P = 55 kips, (b) P- 35 kips. Use <% = 36 ksi and E - 
29 x 10 6 psi. 

SOLUTION 


Stef 6V r 36 W.‘ 

rT7=: 


14 ft 


Ce s yiEE , lz& . „ 


?H IE 

Cy 

b„ = 4.0 m b- * k- 2t-r 3. 25 C -3.0 m 


A - b 0 *~ b/r s. 437S m* I- h(C- W )- 12.0 34 m 
KW8 i* Le'Hft-* 168 IM 
Le/r - II*. <72 < £«. ^ -- 0.8 9^7 

F.S. - £ + 4 (o.8i5*n)~ i (o.Sisn)* »■ 




P^ec 

x 

Gut 

Pu/ec. 

X 

- <5Ly- 

Rl/ 

A 


,s^ 

(O 

T la -- 

55 V»ps 









13. 036 \ 

It 'lie - 

- ^ ----- 1 r- 

/ 9 7 

, 




c * 

ft ^5) | 


5:43*75* J 

W* / a / 




(b) 


* 35 fop » 








o - 

13.036 

1 1 1 ?7C- 

35* 1 _ 


lift 




c * 

(3.6X3S) 

1 • 1. A f O 

5.43*75 J 

V* O O ^ 

§w%. 






PROBLEM 10.100 






A 

6^ - 


H878 


10.99 A column of 14-ft effective length oonsists of a section of steel tubing having 
the cross section shown. Using the allowable-stress method, determine the maximum 
allowable eccentricity e if (a) P = 55 kips, (b) P = 35 kips. Use Oj = 36 ksi and E = 
29 x 10 6 psi. 

10.100 Solve Prob. 1 1 .99, assuming that the effective length of the column is 
increased to 18 ft and that (a) P = 28 kips, (b) P = 18 kips. 

SOLUTION 

S+eei * 6 Y - 3C ksi E - 2*600 Us, 

Q T -j ^}P 0gp:i * I26.lt> 

b, - H.o im V* * I#.- at - 3.*r ,v* c - 2.o m. 
S’.WS’ »V»* I s 7i(^' W 1 ) r 

u~ 1$ fi - 216 i* u/r~ > Ct 




- , X *CJ2^ — - 7.072c Us.* 

l/i2CU^) x (/.*? 2. )( lH5. 13 )*■ 


y eut 

A 1 
(a} P*w - 22 kp* 


P^ec 


- 6>- 






=• I 7.o72G.--~r s ] = 0.4/3 


(b') - 12 

e T {SSSHsl 


i2.osc ... j" 7 


07*6 - 


1* 


n 




J » 


1.258 in. 



PROBLEM 10.101 


z | P= 170 kN 



10.101 The compression member AB is made of a steel for which a Y — 250 MPa and 
E = 200 GPa. It is free at its top A and fixed at its base B. Using the allowable- 
stress method, determine the largest allowable eccentricity e x , knowing that (a) e y = 

0, ( b ) e y ~ 8 mm. 

SOLUTION 


SUeJ? : 6r r 'ISO MPa. E = 200 000 MPa 

/ZV*E I "2 77 2 - - a 


C c - /«£- „ I 25. 4& MPa 

A - (7 $V/c>*)(5CWo s ) ’ 37Sfc> 

I y - £ (lS*lQ*)(?0*td*T - 78I.2S x /o'* m u 

~ JjL r /lM3VWC' ? m r ^ 
ly T T i.lSlZvlcT c v« 




Z\.QSI*IO **> 


kirk , _sJ2_ . o fi06 <. 

C c 125.66 


L € r *L * (jn(o.S$) = UO ^ U/^ - Uo/W.H3Y "/o 1 - 76.21 ** C c 

!iS ^ k!1 r tMt r O.C065 - F.S. - | *jfa.6X*)-i(<M06T) i * l.ftCt 

’^k[/-K° £oes ^ = “>*.*« MPa. 

4 f^k -t £s» - Ct/ - 61# - A - 3^* 


£4 4 £§» r «« 

A Sy S* 


e,- ’ s Af-i-i 

C - Jx - 7gz. 25 * /O q _ 31 JO -6 kn 3 

* 7 c* /o~3 


“ r is r *>7^78 » *° *• 46, 875 x |0’ C V** 

>* ^ 37.5 x tO- % 

p r I7C7 X /O s N 

T _ i 

£v r 6 ) C* r 31.25 */£ I ) 70 x lO % 3750*10 


(ct) ey -- o 


*-«] 


- ) I, 1L xto *vt 


/ 1. 76 »’*■>**•■» 


. 01 __ . .t\ lo% 3Z*IQ* _J . 

Ct>) Sy - S x /O M e y - 31.25.x lo 170 * /o* 3750X/O 6 44.275**10* 


6. 43 * /o~ s * 


6. 43 




PROBLEM 10.102 


P = 170 kN 



10.102 The compression member AB is made of a steel for which Of = 250 MPa and 
g = 200 GPa. It is free at its top A and fixed at its base B. Using the interaction 
method with an allowable bending stress equal to 120 MPa and knowing that the 
eccentricities e x and e y are equal, determine the largest allowable common value. 

SOLUTION 

Sleei : C r = ISO MPa. £ - 2.0 0000 Mfa 

r - lhl£, - / = us-,66 


p - U3l£, r = 125:66 

^ 'y » 2S© 

Ar 375o*io"‘^ 

Ij* i5(75y/o- i XS'OW^) 3 " 7*l.ZS*IO m ' 

Vy - yj r #/o’ 4 m 

I r ^ (5d*/o s X75*/o 5 ) “ 1.7578 */o“ 4 *** 
r.-J? - 21. 651 * /O'* ^ 


L e - - (^Vo.55 x ) “ l./6> le/c.- - !. io - 76. 2 I * C c 

j=sAui=? r - 0.6065 F.s.- + \ (o.C0£S)-£(0.60&s) Z ? I-2CC2. 

Cc. 125. 66 

r- _ JL.\ 1- l/M'Wl ^ r I -^(10.6065?] » lo%3Z MPa 

&Jt(c *4*) FVsTI '4 1.8*6* L * J 

‘ I2G MP«- 


£ + Pe „x — t 


/»4'k e* ■* 




-1 + *• 


e = 


_ f 

AQ»l<(cKl»re^ 


170 x 

\20x 


xfo* / S7.5 »/p‘» x \ e - 

x|o 6 V 1-7S7&*/CT 4 781.25*10"' / 


|7fc> ix/O* 

(375o >fc?* X 1 0<i(32 *7& 4 


75. 5.56 e 


j - 0.^6* 


e sr 7.7 5*/<5 5 *i - 7.75 


PROBLEM 10.103 


9.2 kips 


10. 103 A sawn lumber column of rectangular cross section has a 7.2-ft effective 
length and supports a 9.2 kip load as shown. The sizes available for use have * equal 
to 3J in., 5.5 im/7.5 in. and 9.5 in. The grade of wood has an adjusted allowable 

stress for compression parallel to the grain 80 psi and £-1.2><l0 psi. Use 

the allowable-stress method to determine the lightest section that can be used. 


e = 1.6 in. 


atM'' i' (' 

\ mPrlL 1* 


• U 4 !•' \ 
I# 


SOLUTION 


Ah'* be ,f ' • ^ ~ I )8& psi 

C = O. 8 

L e - " S6. 4 ! »" 

Ik. . Ra.ec. _ ^ 

A X* 


£> /.TWo^ps? 
- 0.3<x> 




jl . ec 
A + TT 


e = 1.6 ;« c = i (7.5) =• 2 - 75 - m. A = 7 .s b 


I, = Tkb(7.ffV - 3S:i«, b 

I I 


- 3.2895 b 


3.2295 b6> 


x 4 “gc - » 4 ( u mo ' 

A X 7.5t IS 6 b 

J - 7 . 5 «V>. or c v»e is 

xr - - (OS£2)lhi^l£ = LJ2.XZS ^ Cp»i) 

®ee (L/dy- ' L x (s^V- 

6 ; ff / 6 ; - (4g.«S"<d’VM80 - 0.04&S7 d* 

^ \ + Set /SI 1/ l-tGbrAToY 2 <s~ce7^~ 

U P ’ 2c -VI ^ J c. 

6ut - - 1 1 Bo C P 

r b ( N 8p Cp^ - 3882 b C P (A.) 

C^c-'-Me Pa -Por *}} \j&h * 3 b.. See kUe beA^- 






pr <*200 ib. 


Use b ~ S~S in. 





PROBLEM 10.104 


e — 1.6 in. 


10 103 A sawn lumber column of rectangular cross section has a 7.2-ft effective 
length and supports a 9.2 kip load as shown. The sizes available for use have 6 equal 
to 3 5 in 5.5 iT, 7.5 in. and 9.5 in. The grade of wood has an adjusted allowable 
stress for’ compression parallel to the grain <r c = 1 180 psi and E- 1.2 * 10 6 psi. Use 
the allowable-stress method to determine the lightest section that can be used. 

10. 104 Solve Prob. 10. 103, assuming that e = 3.2 in. 

SOLUTION 




S be*'' • 6^ - 1 1 

c = O.g 

L e - l.X 44- r £4.4 .v 


£ = L2 * /O 4 ps/ 
\^E = 0. 3 oo 


4 _ £- 




A 7 ^ ^ J 

A lx ^ 

£ = 3.2. i*o c - i(7.5 } - 3. 75“ ivi A r 7.5 b 

I y r £ b (7.5? r 35. 156 fc> 

z — = Z/Oblb 


± , ec 
A J* 


j_ . ec 
A + Xy 


T^b 


P** ?. 1067 b 6^, 


■sr.irc b 


d - 7.5 iv7. O* w-Vc.lteuKV' »S StviAy/A^ 

4T - £. - 14r £ d _ (P. 3^0 )f 1- % * ^ ^ - tfS.WS' d (psi) 

c * - (L/d) z - L‘*‘ " 

<y /(S; r 48.225" JV/130 - 0.04037 


_ . i» g e /ei _ / 7 H§ 

C P ■ 2c VV 2c 


^ 6k /6I 


61 « * S Cp « 1120 c, 

~ ( 2.10671 W (lUoCpV Z 486 > b Cp 
Coles PLt/ £*- -fcoe v.Les of b . See "kkA beio-j. 


P = 'Uoo.ft,. 

Use b ~ 5 . S’ in. 


b 

(.V) 

d 6JS, Cp 

Ov») 

P*H 

(K) 

3.5 

3.5 o.sool O.H3HI 

37 80 

5.5 

55 1.2363 0.7535 

\637o 

7.5 

7.5 2.W1 o.sm 

16560 

1 *S 

7.5 2.277 0.8m 

ZOIOO 


PROBLEM 10.105 



32 kN 


10.105 A 32-fcN vertical load P is applied at the midpoint of one edge of the square 
cross section of the aluminum compression member AB 'that is free at its top A and 
fixed at its base B. Knowing that the alloy used is 6061 -T6, use the allowable-stress 
method to determine the smallest allowable dimension d. 


SOLUTION 


A - 


1.2 in 


Pec _ 
I 


r - 


_x 

A 


5 fiS J c ' ** e ' *• 


4-J 


a • i a 

L/v* > ££ 

Br* _ 8 <i z . IP 

L x " HIT * 


p_ + , iif. r siu 

^ a* 


Gut‘ 


S 


(L/Vp 




B-3S r/*/o" Pet 
7 


u * wv 


7o.«l*lo s 

f - — j=s 


L M L * _ 

J _ «*/ PI* _ I (42Y2Z*IO z )C^A^ - 7 0.1 */6 3 
d Y 8 1 3S“I *10* 


V*i 


“ 20.45*10'* ^ 


L 5 r , 

^ * 70 MS* to'* 


<xn$ we«r* 


1 7* 3 > 66 

J - 70.^ 


PROBLEM 10.106 

I P = 32 kN 



10.105 A 32-kN vertical load P is applied at the midpoint of one edge of the square 
cross section of the aluminum compression member AB that is free at its top A and 
fixed at its base B. Knowing that the alloy used is 6061-T6, use the allowable-stress 
method to determine the smallest allowable dimension d. 

10.106 Solve Prob. 10. 105, assuming that the vertical load P is applied at a comer 
of the square cross section of the compression member AB. 


SOLUTION 


1.2 m 


A - <*\ T ik 


e* ^ e. 


- ijt 


£_ . Pe„ x PevY _ Z 4 P&dXii) + 

A ~tr I, * J* 4^" 4*» 4 


Le » 2L * 2.H vn 




Ass 


t»w«e 


~ is 

t/r > £6 


6 - 357 v IQ* Pa. 


Sr* . jyi - IE 


J v - 


SH Pi.? 
8 


*] sir Li _ V mUXH/o’Yj.if - si^rx/c.-* 

Y 3 ^ SSI* to** 

r 1 £ * H, £ = ior.o > « 


c} - 8K 5 


PROBLEM 10.107 

18 mm 



10.107 A compression member made of steel has a 720-mm effective length and 
must support the 198-kN load P as shown. For the material used a r = 250 MPa and 
£ = 200 GPa. Using the interaction method with an allowable bending stress equal 
to 150 MPa, determine the smallest dimension d of the cross section that can be 
used. 


SOLUTION 


Usi’rt^ v*\«4 , ei/ s s 

A - 4o x /O* a d Le - 720 - 0.720 ^ 

I„- -- 5.3»33«Jo* 4 el 

I - d 3 - 3. 3333 »/c>- 5 A 3 


/Ixl* i 


|e y | - is - i^/o wi 

^ , l 2v d Jt 
ev 


Ijl - *0 = O. 020 ^ 

St-eei 1 : 6^ - ^ MP* £ * ZOqooq MP* 

c.- -I 

A55own€ ol > 40 “ *iO»/Q \*n * X*,;* " X* 

r- J? - /*••»?» ./g-g B n.sW", V = «.w C e 

u/r . o.q^zl KS. -- f + 4(o.<*16Zl’)-4(o.‘n«l? = 1.83747 

iCo.wa'T] - u-r.si 

= IS"0 MPa. 

E * —Pe^* — = » 




)(lS* f©"*X id 

r T 


(Moylcr'^Xn^^* */® c ^ ( 3.33^*lo- 5 ^)( ISO»/0‘) 


Ml. *lo 


-a 


y/o* 


a ^ 

d* _ 41. ^Wo” 3 d - S.SCHO^IO' 3, - O 

d - ( 4 1. W «•/<>*' 5 )* +■ (41(3.5440x ^0"*^ 


SS.lylO -1, * > Ho*Lo‘* m 


ol - S 3 . ^ WH**! 


PROBLEM 10.108 




10.107 A compression member made of steel has a 720-mm effective length and 
must support the 198-kN load P as shown. For the material used a r = 250 MPa and 
E = 200 GPa. Using the interaction method with an allowable bending stress equal 
to 150 MPa, determine the smallest dimension d of the cross section that can be 
used. 

10.108 Solve Prob. 10. 107, assuming that the effective length is 1.62 m and that the 
magnitude P of the eccentric load is 128 kN. 

SOLUTION 

di»*e*3)' o*s ‘'we/f-e/'S 

A “ Hoxlo' 1 d U " 1-G2. ^ 

I x - r 5. 3333 4 J 

r ^ (4ox/o-*)J* -= 3-3333 * IcT* A* 

9.0 ^ I3*tc>~ s yy. 


5+eei : 6^ - ISO M ?* £ “ 200000, HP* 

si - /zjfoT. r I ZTr'itOQQoa) ^ \7S.OQ 

" If 6V 1 ZS O 


Assoi^e d > 40 wm ~ Hox(<5 


n 


e\A 


XnuH " X> 


^ ' V A V 3.1133 * lo^ct “ILSW io ^ 


Le 


- 


tt'C 


fr i . ■■ ■- - ■■ 3 

' i.qaO./O*’ (i- < ’ I Xi4o.2q'i 


**(100000) , ^ 

23k MPa. 


> C c 


P — ^ Pe » * ^ i 

[gg*fc>* Q33*/o*)6g*/O*X**0 r | 

»foO £3.3333*10* 

0\.ZCO*lO~* + 2.304 *10'* _ \ 

a a'- 


d* - Cl.36oxJo~%f - Z3o«/v/o’ 5 - o 

£/.2£o x/o* +JcG>\.Uo»to'* f + 3o*i*lo 5 ) } 

- 27. 6 x|Cf* »v) > '(okIo’ 3 v* 


of - 87. 6 






PROBLEM 10.110 



10.109 The eccentric load P has a magnitude of 85 kN and is applied at a point 
located at a distance e = 30 mm from the geometric axis of a rod made of the 
aluminum alloy 6016-T6. Use the interaction method with a 140-MPa allowable 
stress in bending to determine the smallest diameter d that can be used. 

10. 1 10 Solve Prob. 1 0. 1 09, using the allowable-stress method and assuming that the 
aluminum alloy used is 2014-T6. 

SOLUTION 

Assume ^ •g,372Wo' P*. 

c * i A * Tic* = fd 1 - I- ie' = 


£. 

A 


+ 



-£LL + ELlg M 
A Bt x 're*'* 


_ 

* | 


S4 Pi* + 3* PL 2 

ird^B ttcPB 




Pl x v* , (l^XCip PL a e ^ 5 : . . 

7TB Ztt.G X * ‘ 

fcvYgs’g/oEYi.s) * , 4 ( 14 ( ar« ft?* )fl. s V (3 q wo"’) 

TT (37 2*10* ") 2TT (37^ x/O* ) “ * 

l0.mz*lo-‘ X v 4 . 2.&&C* lo mC X s =1 X- 15.44 1 *r # 


r - r 20. / x/o' s * 


l j. r 

r * 0 . |x/o-* 


d* 30.4 




74.5“ > S£ 





PROBLEM 10.111 


10.111 A steel compression member of 5.8-m effective length is to support a 296- 
kN eccentric load P. Using the interaction method, select the wide-flange shape of 
200-mm nominal depth that should be used. Use E = 200 GPa, o f = 250 MPa and 
<r a = 150 MPa in bending. 

SOLUTION 


SYeei- E * 2.00000 6* y - ZS'O tfpa 

= lzs -“ 

U= 5.2 » 

200 M»<\ dlep\ h us/i'^e Seo'fl "o'* 


r x 8S ^ ^ ^ y ~ f-° r " I OS* to bn 

. L 5*. g r io I -L-Z— * # 0.46 

Yj & - 48*/o ^ ~ 4g*fCT 5 0*. 



F.S. « f + |(o. e ?0--§(°‘‘^) 3 *■ 1.9/4 

6^ * & I 1 * i W] - T^H 1 " = 70 


MPow 


^ - + ... p z a 

A 61 ^ <:*•*+*•**• ye*J.A^ 

A - ■-?■ + ■ -g-g 

s' (5^ 


> r p„ ^ £g^ I , i 

A ^ 6^ ; V* x ^ 61^, 4***A'**3 J 



^ C •*$*•"*’ ' * $*#,(>•*< A* j * 

; (244 * (t> s )Q25*/6>' 3 Xic*»/q ! 


7ox lo fc 


(22 * io~*l x ( » 5 o * lo e ) 


- - 7.573*/o~ 3 ^ 

- 7573 mm 


W 200 *59 A 3 7 s' 6 ©*/«?'‘ , V - IOS-»IO' S ^ , Tx ’ . I ** 

r Sl .9 v ,o- 5 to ^ Le/^y r /M. 7 S < 

- O.SS93 F.s. r Ml *2 = 79.01 HP* 

£ -_ t .£-g^ 

my ,o* fa4&Wo»Xl?g»fc> )(|Q5 -h/q^ 

(7560xio" fc X79.0‘f x/o & C &l *’ ,x (O^lClS’O * lO* ) 

- 0.4954 + 0.423 9 = 0.9/43 -< I 

W 2©o *5* f» 


A 6*4^ X y 


P g v M = [. 047 > I ( Wot eJJlvKik ^ 


Use W 200x51 


PROBLEM 10.112 


el = 70 mm 



10.112 A steel column of 7.2-m effective length is to support an 83-kN eccentric 
load P at a point D located on the* axis as shown. Using the allowable-stress 
method, select the wide-flange shape of 250-mm nominal depth that should be used. 
Use E - 200 GPa, = 250 MPa. 

SOLUTION 

SVeej: E - Z oo ooo Hp& 6^ -- SSO H Pa 
Cc. - ns.* 

L e - 7. 7 


*TVy 1 A- GZSO*i <j 

bp “ 2o 2 x/o'V ; C ~ l£/*/o“* Ij - IS. I * /o' c > /y - 4‘?.2>/o~ s 

~ -r I4C.34 > C c 

44-2* fo" s 

6. = Jif f. , mcge g gg aL = 48 . 0 / mp*. 

M U*2 (JLUjY O-*** Xl 46.34 ') t 

_P_ Pe,cC _ 83 Vlo* (g3*/o*X7QWo* Xlol * ) 

A * ~Tj " &zso*(cr t - * is: 1 tffo- 6 - 

- 13.33 *fo c + 38.86 *{0 6 * MP* > 48.6/ MPa 

A ^ j ~ G7&& 


"TVj W 2S0 x S3 

ifi. e _Zl2 s - 143 IV 


-n-^faooo^) _ l<3 ,. 0 
" (1.42 ym.i'O* ' 5o * g MPa 


P p£ C __ * 3 * 10 ? ( 83 X l&)( 7o* ICT* X lol.s* lo‘* ^ 

A + Jj 7 no*to~* 18.8 K/o- 

= n. n X lo c + 31.37 y/o* - 42.5"^ MPa. < SoJ&tfpa. 

Use \JJ1SO*£Z 



PROBLEM 10.113 



10.113 A steel column of 2 1-ft effective length must carry a load of 82 kips with an 
eccentricity of 2.1 in. as shown. Using the interaction method, select the wi de-flange 
shape of 12-in. nominal depth that should be used. Use £ = 29 * 10 6 psi, o T = 36 ksi. 
and = 22 ksi in bending. 

SOLUTION 

S+ee^r £ * MOOO ks/ C t = ]2 q.jo 

U - 21 # - 252 .V 

TVy w |£X 35 Vy r 1-5*^ IM r 1C3. ^ Cc 

~ ks ; 

(j.92) (Ks.^9 ) ' 


i P ^ Pec _ 8£ + C52^ .iX j;-U.SO ) 

(10.3X55?') (Z8S-)(82) 

r 1.4 29 + O..I7Z - i.&ol 

App * mxfe A * 0.5"?C )(/<?. 3) - 16.^1 m 

T*vj VI 17* So Vj- U76 -V — 128.57 > C c 

. . 77 ? F _ 7 T 2 £Z 30 &o 1 _ . „ Jy • 

‘ )^2(J. e / r )*- ' (1.92X128.57)** ~ 7.02 K$. 

P _ Pec 32 1 ^ )l±- » 7 . n) 

a ^,,1;: i y * (ih.7x*.«o 

- O.GIS + 0.12.1- 0.739 (^*1 ) 

TV-j W 12HO ^ = 1.93«V r - 130.57 > C c 

zr . JIM.. _ - 77 »<fr? 6Q). = g ^ W( . 

O^z-^fWc ’ (I.9OO30.S7) 4 - 

(gaYg.iM-n.^ 

(310 )( 22) 

0.151 ~ 0 . e tH^> ( aMo*>e< 4) **— * 

Use W/ 12x90 


- ■ p 


7 ' 


'ec 


A 


82 


(1 1.8) (8-7*0 
0. 795 + 



PROBLEM 10.114 


10.114 A 43-kip axial load P is applied to the rolled-steel column BC at a point on 
the x axis at a distance e - 2.5 in. from the geometric axis of the column. Using the 
allowable-stress method, select the wide-flange shape of 8-in. nominal depth that 
should be used. Use £ = 29* 10 6 psi. and a r = 36 ksi. 



SOLUTION 


s ieel: E - 29 ooo ksi S r " k 5, ‘ 


r \zv'E _ / 2TT*Qf OCX> 
L c ' n ' V 2>C 


\ZC>.\0 


? 1 Fe 


* 


L * S f t - ‘96 ivt. U. - “ 192. 

TVj W 3*31 : “?f T ^ 

:t . 0.1 5M 

F.S - f + ■|(o.7S'4')- i(^7SH) 4 * ‘-89C, 

- 13. 59 k%; 

M3 C L M)(2S')(i- 1^) = q.il + 11.58 - 16.29 

9J3 37.| > |3.59 4r**‘ 

(net ) 

- ie.S ,V 


Trj WgxSg fy * *.03 ^ - 99.58 * J cf JL " °' ?:>0 


F.S. = 1.895 

2- + Pefc , 


GL* = 13.65 


= IM.29 ta* ■> 13. 45“ W*>; (not ) 


Wg* Mo ^ r ^ = 

F.S. ■= 1.895 ‘SLtt ? 13 .H kii 


U/fe - 


0.796 


£ + £§c r Jii. + 

A % H.7 


ra.sW-8.0L 


= 17. SI k*i < 13.H k+l (aJJo*J*4 


Use W g *9*> 



PROBLEM 10.115 


e ~ 20 mm — H 


80-mm outer 
diameter 


10.1 15 A steel tube of 80-mm outer diameter is to cany a 93-kN load P with an 
eccentricity of 20 mm. The tubes available for use are made with wall thicknesses in 
increments of 3 mm from 6 mm to 15 mm. Using the allowable-stress method, 
determine the lightest tube that can be used. Assume E = 200 GPa, a r ~ 250 MPa 

SOLUTION 

r-- r„- t — 

A - tt (/„* - j 


t ^ 

vo*v> m 1*7 


IQ*’** 

0.539 27.24 


5-fee-P " F = MP« 


37 72G 0.539 27.24 

34 1395 0.94 1 26.25 

3) 2oo 7 I. 285 25“.3l 

79 256 4 1.52 2 24.4/ 

25 3063 t.7^4 23.59 


2 n 1 - e" l ZTi\zooooo) _ .occc: 

^ ~ i 2S0 7 • 


Le r 2. 2 ^ 

p, 43 * Jo 5 N 


Ty T r 2 Tf 7^ r ^ 

F.S. r + 4(o.G < m)-^(o.6^n) s = l.ggsS- 


0.6*17 


\ I _ 

1 - 212 . r 

L v. c*. ) . 

J ' 1.885 L 


£ 

+ Pec 


9 3x/o a , 

A 

I 


2c©7*lo- fc 

Approx 

>r«-j 

u v /-« J <x re * 

h>v" t ~ 

F.S. 

12 Vv\N»» 

- L8 9o 

U _ ;?.2 

r * 24.4/ * 

€ 

£_ 

4 £*£ 


93*/o* ( 

A 

X 


2564-v|cr t - 


I.23S viD' 4 / i 0 « c . 

(nol 6jXo*je<* ) 


/oo.9 


t ° * c- ^ o.im 

Sut - 98.3 MP<x 

93W£j + C93* X*cw<** Xvo-fg ilj - g£o H p^ < 98.3 MFH 

2564-vlor*- f.S2«*/0- fc 

Use £ T 12 “ -l * 




PROBLEM 10.116 


e — 20 mm ~H 



10.115 A steel tube of 80-mm outer diameter is to carry a 93-kN load P with an 
eccentricity of 20 mm. The tubes available for use are made with wall thicknesses in 
increments of 3 mm from 6 mm to 15 mm. Using the allowable-stress method, 
determine the lightest tube that can be used. Assume E - 200 GPa, a Y = 250 MPa 

10.116 Solve Prob. 10.115, using the interaction method with P = 165 kN, e= 15 
mm, and an allowable stress in bending of 150 MPa 


2.2 m 


80-mm outer 
diameter 


SOLUTION 


-- 


f. ' 1 


A * r.-*"} I - fl (r„ v r ," ) 




t 

Imrvt 


A 

i 

prim 

X 

1 

|M 

3 

37 

726 

0.539 

2.7.24 

6 

3*/ 

1395 

0.961 

76.25 

9 

31 

7otP 

1. 285 

25.31 

»? 

2$ 

2564 

1.52$ 

24.41 

IS 

25 

3663 

/.709 

23.59 


L* - 2 -2m 
p r |65*fO* A/ 
6^ k—t*} ’ is*0 


sw. e - mr. c. • .ysss . .«.« 

-r + e» if - _ £1 — ^ «2 < C - 0.69J? 

P 5^ r £ + |(o. 69l?") (o.69i7 ) 3 - l.gBsf 

zr . _ |- -i (0.69/7 )*j - 100.9 MPe 


Pc. 


.88S 
|65*i© s 


()65*lo ^)(lS'|o^XW>>fo' S ) 


pd>^ £ - 12 ♦*' 


T I^, t a, * a^to^Ooc.^lo *) + («**■<*• Xi*,.|oO 

O.S IS + O. 5*19 - 1.329 > I ( not ) 

Appr.yiv^e A " (t. 329 )(2C>fr7 ) * « 647 ^ 

k r _ JJ— , * 90.1t < C c ^ - 0.7172 

r 24.9/ */0‘* 1 c C c 

F. 5 - UWo ^c*w*T.c - 93. 3 M Pec 

p ' Pee I6T»U* . (l^^o^OSx/o^X^^o l 

+ xTO; v = (2S«.|cr^fW^) x/oO 

0.63^ + C.V3 2 - 1.0S7 > 1 (*“+ ****•'«* ' 

Td +- _ %= 1 « 93.26 < C c (U/r)/C e - O.UZZ 

| r j l - lb \r 23.59*fo" 1 ' c 

F- S - 1.394 ^ - 95.64 MPa 

O P er ici'MW’ _ x (ife^/oMOs-M/o^X^Wtf- 8 ) 

xo * iwX ' (3ofc3.ior‘)<is-.M*/°*r 

= 0.563 + 0.317 - 0.7SO «. I > 

I )cr> "f" - ) 5 tvt too 


n 

u 





PROBLEM 10.117 



10.117 A column of 3.5-m effective length is made by welding together two 89 x 64 
x 6.4-mm angles as shown. Using E = 200 GPa, determine the allowable centric 
load if a factor of safety of 2.8 is required. 

SOLUTION 



Ohe X r IS. S 

4 A(ss.^- 

^ 0.333 * io 6 4C««X\r*0 4 
= 0.6S6 */o 3 w iw‘ 


Two 




Ij “ C?X^5.68Cx/o , ) - 1.372 x|O c 


/. 372 »/o‘‘ m* 




P.l 


Tr^gr, 

(F.^ U* 


W3.sy 


7*9. <0 x /o' 3 N 

I s /. o UbJ 




PROBLEM 10.118 


10.118 Member AB consists of a single Cl 30 x 10.4 steel channel of length 2.5 m. 
Knowing that the pins at A and B pass through the centroid of the cross section of the 
channel, determine the factor of safety for the load shown with respect to buckling in 
the plane of the figure when Q — 30*. Use Euler’s formula with E = 200 GPa. 



SOLUTION 

S»*c« Ab ' 


o 

F» s s m 3o‘ - Fac ar * 


Fas 

C.B - o 


<S.£tN 


2.Z tn ; ■fi'i'AMjie A8C »'* '5o5oieS . 

" O 

- F Ac cos IS -0 -v F> 0 cos 3 o° = o 

«r - Faq,_c<>s 

' cos /r° 


Far ( s.'r. - 


5 m 3o® 

cosK** 


) 


O.ZQll* r Aa » 6-8 


f^ 8 r ns. 3?2 ArN 


C /3P*)0.4 

7T l FX^, 


er 


Us 1 


I w;n r 0.5tf9x/O C ^rv, 4 r O.^^WO 4 ** 

T\ x (zog^lo^\o.22^^ \Q * . ) _ -f? * ic? u ? -IZ'ZZH IcV 

(2-S)*- 


F c - - 7*32? 

* ‘ 




10.1 19 Supports A and B of the pin-ended column shown are at a fixed distance L 
PROBLEM 10.1 19 from each other. Knowing that at a temperature T 0 the force in the column is zero 

and that buckling occurs when the temperature is 7 1 , - + AT, express AT in terms 

of b . L. and the coefficient of thermal expansion a. 



SOLUTION 

Lei - P Le ■f'Ue Cow pr€ts >»JC ■Po^c* + le CoJ (JWWKI. 

Lol(AT) - - O T * EAoi(Ar') 

p e „ „ - P - E Ad CAT) 

TT'EI _ TT^ftVlZ _ 77 z -b* 

TFTKZ ' 'i'-E L>- 12 PoL 


AT -- 






n 


n 


"1 


u 



o 

0 


n 


D 


5 

?! 


PROBLEM 10.120 



10.120 Knowing that a factor of safety of 2.6 is required, determine the largest load 
P that can be applied to the structure shown. Use E = 200 GPa and consider only 
buckling in the plane of the structure. 

SOLUTION 


• 

Lgc * t/ 

l* + O.s *■ 

■=? 1. 1 1 BO 

►v? 

I 

. 2J\ 
- " 

£(*>)'■ 

7. SS-H *10 

. ¥ 
tn*vi 



~ 7. S5*4 

WO"* 

o 

TT*£I 

_ T\*(2oo* 

IO*Y7.2S1 

X /0-*») 


L* 

(M 

rso) 1 




r |2. 40 3 

X /o 3 N ■» 

I2.40S JrM 


, _ Pc 

- rT 

.. 12.403 
2.4 

? H.770 



AB. 


U 5 *• 


7o? (I m 


i - iH ls V* 

= 2. HVS'IO* 

C ' 

2. 48 S ‘*/o"‘ 

’ 

■o 

¥ l EX _ 


*(200*1 o'X* 

SSf* /O' 1 

2 _ 

Cf o i /^r 

*/0° 

•cv " 

L l 


(o.7©7*» ) 

i_ 


i » o 1 

r- 

' rT 

r 

1.2106 

2.6 

3.77 3 




B 

P 

ZF. » O 

O.S 

O.JoOu 


1.0 

I .1180 

Pec 

F.a / 




Psc ^ 

0. 79 0S7 F ao 




+ r 

Zf^ = o 

.S 

0.7o7/| 

E» 

+ 

1. 1180 

P«c 


0.707/1 llOtfFn) " P * 0> 

P = 1.06064 F a » 

P =(1^0^ = MIC F, 


Be 


•To'' P. 


0.04046 M 3.77 3 ^ " 4.00 IfW 

0.34/4 X-%77o ) - 6.40 fcl*) 

PjJl z 4.00 



PROBLEM 10.121 



* W tT 


10.121 The steel rod BC is attached to the rigid bar AB and to the fixed support at 
C. Knowing that G = 1 1.2 * 10 6 psi, determine the diameter of rod BC for which the 
critical load P a of the system is 80 lb. 

SOLUTION 


Lo© k ■Vo'T»16A 


Ik -T- _ GX 

GJ t 


T - ^ cj> ^ 


-- n ,x»io' 
» 


M) 


4 - ndl 

32 


^ L - 2-° »*« 

V- (±L2d£l 1 r S*ms- 

* ■ (*°X32-'l 

Ot M b - o 

T - PJ? s.v <? = O 
K<y - Pi s.« - o 

p - K,$ p r K 

r - j> s ,v,g> r «' r Jl 

K * W79 ^ P«-Jl - (Solis') - 1 2oo 


j - L f fa oo „ _ 
* KS^7S 


O. S84 m. 


PROBLEM 10.122 


W200 X 46.1 



10.122 An axial load P of magnitude 560 kN is applied at a point on the x axis at a 
distance s - 8 mm from the geometric axis of the W 200 * 46.1 rolled-steel column 
BC. Using £ = 200 GPa, -determine (a) the horizontal deflection of end C, ( b ) the 
maximum stress in the column. 

SOLUTION 


l e - zl * (IK*'*} s 4.6 ^ e^ 8 xjo* 3 w, 


W Zoo* <4C. t 


A r 5860 - 52 */cf * ** 

= /S* 3 x/o“ 


p - 7 T*£X TT»( 2 oo vlQ'XlS.Z* /O' 6 ) 

' L e x " r Ct.6^ 


= 1.^2727 *IO c N 


£_ _ SCO » lo z 


L 4 272.7 *1© 


7 r 0.3^236 


^ - e [sec % -j~£- - l] - 68 */o“ 3 ) [sec(fii G. 3^236 )- *1 

r (gxio-M[s«c (o.«i«3^3) - l] r (gx/o J )[ I-S053 - ij 


- G 4 4<i7Wo' 5 h 


- G.^S 


K)^ = *P + e ) - (SCo*lo % )( s **o“V G.‘i'n*«S' ) r M-*v> 


S y 3 */o s 3 t$i*lO' c w , 1 

J 


6^ ’ 7T + If * , W./. x/o 4 P* * W.IMPa 

A ^ IS! x iO 


5860 x 1 o 



PROBLEM 10.123 


10.123 A column with the cross section shown has a 13.5-ft effective length. 
Knowing that Oj = 36 ksi. and E = 29 * 10 6 psi., use the AISC allowable stress 
design formulas to determine the largest centric load that can be applied to the 
column. 





\ in. SOLUTION 


— 6 in. — 


A = 2A, + A 2 = + ■' 8-5- .«*■ 

^ = 21, + I* - {ZXkXkW * - 18 . 01 $ in 


- i. hssi ; n . 


L. - 13.5- ft r 162 


1.2*? < C e 


Stci : E => Mooo Ini J 6, -- 3C It.; C c = 1 26. lo 

^A 1 ■ 0.8-82C F.5. - § + |(<>. 88x6 s ) (C>. 882C)‘ = !.•»(» 


0. 8-8 2G 


6-^-. &.[ t- * j4^I i-i(°*8«y] - ii .nwi 

P.* •= S^A • ^7.7 k.|« 



PROBLEM 10.125 


10.125 Bar vlfl is free at its end A and fixed at its base B. Determine the allowable 
centric load P if the aluminum alloy is (a) 6061-T6, ( b ) 2014-T6. 


SOLUTION 


A - (3o)(lo’) * 300 *»***- Zoo x to 4 to 


Jw* - ji Z.So * to 3 ^ 

v' - G” - /?• 5to» l o» _ ^ gg 7 

V A "V 2oo 


u - ZL - CZXss)- 170 T? - S8.gg 


JH/ (la') 606 I -T6 L /r < 66 

6>- 12*1 - 0.868(LA“'> = 134 -(0.86* 

- §>A * (8?. c ?»(0‘)(’3oo>/0'‘) - 26.4 X (O’ IV 

- 26.4 M 

(U) 2(214- T6 L/V >-Sr 

- 372 x IQ* _ 37a»|o*_ _ l07 3 M p. 

* (tVY* - (sOFF 

P„ • 6 ".,. A - ( I07.3xlo‘ )( 3 oo*jo‘‘) - 3 2.2*/O s W x 32.2 kW 



PROBLEM 10.126 



10.126 A sawn lumber column of 5.0 * 7.5-in. cross section has an effective length 
of 8.5 ft. The grade of wood used has an adjusted allowable stress for compression 
parallel to the grain o c = 1180 psi and a modulus of elasticity E = 1.2 x 10 6 psi. 
Using the allowable-stress method, determine the largest eccentric load P that can be 
applied when (a) e = 0.5 in., ( b ) e = 1.0 in. 

SOLUTION 

Sew*-! 6/* • 6* c - If'SO £ - 1.2 v lO psi 

C. - O. 8 K* =0.300 

L e = 2.S ff - 10 2 

b - 7.5 in j d * C = ^ r 3.75* /« 



b = 7.5 ;* , d* S.o c=f- 

h . bd -- C 7 .sXs.oV 37 .s Atsr.o'ib.s? - \ns.i% 

K.r _ feCd 1 (o.soqY i.2wq‘ )C 5-. oi*-_ 8CS - 
CE ' (L/^y- ' t z (loz) 2 - 1 

6ce/$i * 845 / USO - 0.7331 

r - I j 6^g/6"c / V~- ^ gy/ fc = o 5*743 

C P‘ ^ 2c. 1 c 

6^ * 'S c C F - (U8o)(o.S763'> ■ 680 P s.' 

-£" + r «s> 

A Xy 

o - 6^ 

- 1 . pc 


Co) e - o. s r*o 

— 


= 182.10 ife. 


18. Z I kips 


-J — i 4 m.r.T* 

37.5 T 1 25*1S 


(\>\ e - 1.0 


p 

Utf * , fl.oY3.7n 

325^ l?S % 7fc 


W17 O ib. - IH. 17 kps 



PROBLEM 10.127 



10.127 Two 4x3 x | -in. steel angles are welded together to form the column AB. 
An axial load P of magnitude 14 kips is applied at point D. Using the allowable- 
stress method, determine the largest allowable length L. Assume E = 29 x 10 6 p$i. 
and Of - 36 ksi. 


SOLUTION 


— Y Ov)t L ^ 3 * -f A-J?. *18 in 

■jL--* .V, S* \r^- 1.26m. y - 1. 28 



3 in. 3 in. 


Ij - \M i«‘ t ) 


Two a*\a>Je s 


v^r 0.vru« 3 X=*0.“7S*tVt 


A =• r m i** 


I* - r 7.<« 2.**i*j I.2C, y * i** 

Ij r Ax*] »(2)[l.M+te.1*rb.W')‘J - £.873 in* = i WB 

C.,-„ T ys = 1. 177 irt. e - y - £ - 1 . 78 '^ , 

P IV . (ivKi.ows-Xi.28i . 

P r kip* “ t - + -rr « ZT3T + *■* - S.ZW k** 


Ik' * H.^6 




E* 29<7oo |»>- Q ^ ?1T 'j - ” ?a - - 1*6.1 

. L. ^ . TT^g /_L\* , T^JT 

A8»oi«« r > c c 6^/ - [<?J ^L/r )“* ( K~- J 1.92 ' 


Asat>^€ -p > C c 

L r /£x 

vu Vt.^a s> 


7/ 1 (39000 ^ _ 1C 7. 8- > 

(l/ifcTGf.a/N) 


L - U7. * C.V * (I6?.8)0* >77) * IHl.S iw. * 



PROBLEM 10.128 


10.128 A compression member of rectangular cross section has an effective length 
of 36 in. and is made of the aluminum alloy 2014-T6 for which the allowable stress 
in bending is 24 ksi. Using the interaction method, determine the smallest dimension 
d of the cross section that can be used when e — 0.4 in- 


P = 32 kips 



SOLUTION 


A ? ^26 d 

C - x ^ ^ - 3C iiA 


V- 32 k>'f>* 

I* - 15 

«• 

Asso*»c V** - 

C.„ ^ i>. Jt*2.2S 

U/c..« - Via* le /d 


A__. \ /./> 1 - 1 - _ SHOCO _ ©I S ~7 LinOI*} -1 V 

Asso^ U//U > * ts j, e — • * (HrjcisF ^ 3 ^ 7m * 


f , 

Fee 

32. , 

— -+ 

I6>> 

(Z2S-dX3.W22*K) 

*1.0*4 

d* 

i.mzii 

d* 

1 Let X " ^ 



X r 0. 522 1)2; 


x 3 + I.HZ2Z2 x* - I 

d ■* ~ - 1. i'n. -er 2.;?r /«. 

L/r x T (diSKSC')//.*** = 6£\3 > 66 d » /. 84 H 



PROBLEM 10.C1 


10.C1 A solid steel rod having an effective length of 500 mm is to be 
used as a compression strut to caiTy a centric load P. For the grade of steel 
used E — 200 GPa and o> = 245 MPa. Knowing that a factor of safety of 2.8 
is required and using Euler’s formula, write a computer program and use it to 
calculate the allowable centric load for values of the radius of the rod from 
6 mm to 24 mm, using 2-mm increments. 

SOLUTION 


EA/TER RADIU 5 RAb ) EFFECTIVE lFN&TH i 

And facto ^ 6 f safety fs 

COMPOTE KAQIUS Of &YRATIQH 

A = TT RA& 2, 


L = ~r~ rr R A 0 



PElEftMUN/g. ALLOI/VA^LF CENTRIC LOA D 
CRITICAL ST i? £$ i : 


Fr - 


tt 2 e 

(Wr) 


LFT (T C'Gl/AL 5MA<-[_ ER OF ^ 

p CT A 

A " p $ 


PROGRAM OVTPUT 


Radius 

Critical 

Allowable 

of rod 

stress 

load 

m 

MPa 

kN 

.006 

71.1 

2.87 

.008 

126.3 

9.07 

.010 

197.4 

22.15 

.012 

284.2 

39.58 

.014 

386.9 

53.88 

.016 

505.3 

70.37 

.018 

639.6 

89.06 

.020 

789.6 

109.96 

.022 

955.4 

133.05 

.024 

1137.0 

158.34 


Below the dashed line we have: 

critical stress > yield strength 




PROBLEM 10.C2 



10.C2 An aluminum bar is fixed at end A and supported at end B so that 
it is free to rotate about a horizontal axis through the pin. Rotation about a ver- 
tical axis at end B is prevented by the brackets. Knowing that E ~ 
10.1 X 10 6 psi, use Euler’s formula with a factor of safety of 2.5 to determine 
the allowable centric load P for values of b from 0.75 in. to 1.5 in., using 0.125- 
in. increments. 

SOLUTION 

ENTER. LENGTH L AMD FMCfO* Of SAFETY PS 
FOR, b - & 7P TO /• 5“ i vmh a./er inmmpvts 



PUCKUMC, it I pin Vi z 



L t -= 0.7 L 

80<KLitJ£ ikj X 2 pLAA'F 



COMPVTF Of= UfAtTlOt J 

A - /.S' h 


r . - b i.r 
x /z 

v-i fc3 


r * Nr 


«/ it 


Compute cr i tjc A i. ASSSFS 


(Plrl = 


v z E 


("Vr.) 


M. = 


_ n ? E 


? <a ^ L /y z 


Let <t equal stiiu.U:K stress 

cr 

COMPUTE ALLOlVABl-P CENTRIC LOAD 


P 


txll 


= ir A 
Fi 


pROGRRMl output 


b 

Critical 
stress 
x axis 

in. 

ksi 

.750 

7.358 

.875 

7.358 

1.000 

7.358 

1.125 

7.358 

1.250 

7.358 

1.375 

7.358 

1.500 

7.358 


Critical 

Allowable 

stress 

load 

y axis 
ksi 

kips 

3.6 

1.62 

4.9 

2.58 

6.4 

3.85 

8.1 

4.97 

10.0 

5.52 

12.1 

6.07 

14.4 

6.62 



PROBLEM 10.C3 

h — 3 m — »j- — 3 m — -J 



JCWT 0: 

hl\ ZF 

iVr 

W ^ 

2 F = 0 YfELDS 

JjL - A yield _s 
Tu " h 

? T >- rw 

'* “ ti 

JOINT B: 


10.C3 The pin-ended members Afl and SC consist of sections of alu- 
minum pipe of 120-mm outer diameter and 10-mm wall thickness. Knowing 
that a factor of safety of 3.5 is required, determine the mass m of the largest 
block that can be supported by the cable arrangement shown for values of h 
from 4 m to 8 m, using 0.25-m increments. Use E = 70 GPa and consider only 
buckling in the plane of the structure. 

SOLUTION 

COMPUTE NjQMEVT OF /K/Fft TlA 
z - ~ ( 0 . 0 $>*- 0 . 05 4 ) 

Foz h sr f T0 * C/5IM6 

CO/^PUT £ ALLOWABLE LOADS Foft 


/p \ _ 77 ^ ^ • (F 1 = 

v JleYr ~ ' 5c 'cr 


n 2 FT 


^ A0'cr oc 'cr 

DETERMINE. ALLOWABLE VV 


Cr '3.y(6) z 


(V al) ); - 2 (,F ab ) cr * )z~ /.r ^ 

W ail E $ LML5> VALUE 


Compute mass ^ 

We.) 

^ 9.81 


PROGRAM OUT PJ > 


h 


F -7 ^ 

“AB L 


ISYJ 

> = h 


V =1 

/ r z 


h 

Weight 

Weight 

mass 


critical 

critical 



stress 

stress 



AB 

BC 


m 

kN 

kN 

kg 

4.00 

455.11 

269.7 

7854.88 

4.25 

455.11 

286.6 

8345.80 

4.50 

455.11 

303.4 

8836.74 

4.75 

455.11 

320.3 

9327.66 

5.00 

455.11 

337.1 

9818.59 

5.25 

455.11 

354.0 

10309.52 

5.50 

455.11 

370.8 

10800.45 

5.75 

455.11 

387.7 

11291.38 

6.00 

455.11 

404.5 

11782.31 

6.25 

455.11 

421.4 

12273.24 

6.50 

455.11 

438.3 

12764.17 

6.75 

455.11 

455.1 

13255.10 

7.00 

455.11 

472.0 

13255.10 

7.25 

455.11 

488.8 

13255.10 

7 . 50 

455.11 

505.7 

13255.10 

7 .75 

455.11 

522.5 

13255.10 

8.00 

455.11 

539.4 

13255.10 


PROBLEM 10.C4 



\V8 X 40 


1 0.C4 An axial load P is applied at a point located on the x axis at a 
distance e = 0.5 in. from the geometric axis of the W8 X 40 rolled-steel col- 
umn AB. Using E = 29 X 10 6 psi, write a computer program and use it to cal- 
culate for values of P from 25 to 75 kips, using 5-kip increments, (a) the hor- 
izontal deflection at the midpoint C, ( b ) the maximum stress in the column. 


SOLUTION 

ECCEUTR 1C1TY e 

PHOPFP.TlFS A . ly } r y ) 

COMPutf CRITICAL Lobb 

p - TllJLIi 
cr " L z 

FOR P - 25“ TO 75" /M ts of f 

CortF-J 7r HORifeOfJTAL PCrLFqiQAJ AT C 

^ e (t/^) ~ ) 


COMPUTE M A/IMUM STRESS 


cr 

may 


A 




C> 


PR06PAM (9U f P(J f 


Load 

maximum 

maximum 


deflection 

stress 

kip 

in. 

kips 

25.0 

.059 

3.29 

30.0 

.072 

3.99 

35.0 

.086 

4.69 

40.0 

.100 

5.41 

45.0 

.115 

6.14 

50.0 

.130 

6.88 

55.0 

.146 

7.65 

60.0 

.163 

8.43 

65.0 

.181 

9.22 

70.0 

.199 

10.04 

75.0 

.219 

10.88 




PROBLEM 10.C5 


10.C5 A column of effective length L is made from a rolled-steel shape 
and carries a centric axial load P. The yield strength for the grade of steel used 
is denoted by o>, the modulus of elasticity by E. the cross-sectional area of the 
selected shape by A, and its smallest radius of gyration by r. Using the AISC 
design formulas for allowable stress design, write a computer program that can 
be used with either SI or U.S. customary units to determine the allowable load 
P. Use this program to solve (u) Prob. 10.57. ( b ) Prob. 10.58. (c) Prob. 10.60. 


SOLUTION 

ENTER L } E j 

Enier proper hes A, ^ 

PgreRNQlNE AU-QWAftLE 

X _ Iztt 2 B 


IF L /r y > C c 


<r - 

*" ' |.e>l(L/r y ) 1 


IF I'l ( ~<- 


rz<- j LlPIl 

FS ' 3 + 8 ( Q 1 Cc 


cr - 5: 


Z. Q 1 


ChcvLh'E ALLOWABLE L0f\\) : 


p ' = C T A 

All! AM 


CONTINUED 


PROBLEM 10.C5 CONTINUED 


PRO OUTPUT 

Problem 10.57 {a) 


Effective Length = 
A = 
ry = 

Yield strength = 
E = 

6.50 m 

6250.0 mm**2 

49.2 mm 

250.0 MPa 

200 GPa 

Allowable centroid 

load: P « 368.139 kN 

Problem 10.57 (b) 

Effective Length = 

6.50 m 

A = 

10200.0 mm**2 

ry = 

65 . 0 mm 

Yield strength = 

250.0 MPa 

E = 

200 GPa 

Allowable centroid 

load: P « 916.148 kN 

Problem 10.58 (a) 

Effective Length = 

21.00 ft 

A = 

9.130 in**2 

ry - 

2.020 in. 

Yield strength = 

36.0 ksi 

E « 

29000 ksi 

Allowable centroid 

load: P * 87.566 kips 

Problem 10.58 (b) 

Effective Length = 

21.00 ft 

A = 

9.130 in**2 

ry = 

2.020 in. 

Yield strength = 

50.0 ksi 

E = 

29000 ksi 

Allowable centroid 

load: P - 87.452 kips 

Problem 10.60 (a) 

Effective Length = 

4.00 m 

A = 

13800.0 mm**2 

ry = 

43.4 mm 

Yield strength = 

345.0 MPa 

E = 

200 GPa 

Allowable centroid 

load: P = 1567.879 kN 

Problem 10.60 (b) 

Effective Length = 

6.50 m 

A = 

13800.0 mm* *2 

ry = 

43.4 mm 

Yield strength = 

345.0 MPa 

E = 

200 GPa 


Allowable centroid load: P = 632.667 kN 




PROBLEM 10.C6 



1 0.C6 A column of effective length L is made from a rolled-steel shape 
and is loaded eccentrically as shown. The yield strength of the grade of steel 
used is denoted by o> the allowable stress in bending by v M . the modulus of 
elasticity by £. the cross-sectional area of the selected shape by A. and its small- 
est radius of gyration by r. Write a computer program that can be used with 
either SI or u!s. customary units to determine the allowable load P, using either 
the allowable-stress method or the interaction method. Use this program to 
check the given answer for (a) Prob. 10.1 1 1. lb) Prob. 10. 1 12. (c) Prob. 10. 1 13. 


SOLUTION 

Er'TER L J E ) 'Ey , ) ben< f,„j j e x ) e f 

PR OPERTiE. S 

PB T E RMINE /H-LOWEftt-E STRESS 


Q = 


IF 


ULUL 

/ <r y 

7? 2 £ 


< ^ 11 /. ^2 C L/r) Z 


IF L/r, < C, 


. £. + 2 ( l ih\ _ 
o- » fi / j - 

All V ^ Z 




z c. 


) 


f OR /\M-OWflBLp-STRESS met HO D 

L + .7 

H 

%.n 


(Off 

A 5 7 


p. 


ai 


COBf 




fQf{ lA/TgRAdTlOM MF-TH oP 

I i e y/$y ) + ( c $■/*#) 


COFF 


cs|l 


A o: 


T 


<Ml 

1.0 

CoEP 


I <J 


CONTINUED 



PROBLEM 10.C6 CONTINUED 


PROGRAM OUTPUT 

Problem 10.111 


Effective Length 
A 
ry 
Sx 

Yield strength 
E 


= 5.80 m 
= 7560.0 mm**2 
= 51 . 900 mm 
= 582000.0 mm**3 
= 250.0 MPa 
= 200 GPa 


Using Interaction Method 
Allowable load: P = 322.022 kN 


Problem 10.112 

Effective Length - 7.20 m 

A = 7420.0 rtun**2 
ry = 50.300 mm 
Sy = 185000.0 mm**3 
Yield strength = 250.0 MPa 
E = 200 GPa 


Using Allowable-Stress Method 
Allowable load: P = 97.781 kN 


Problem 10.113 

Effective Length = 21.00 ft 

A « 11.800 in**2 
ry « 1.930 in. 

Sx - 51.90 in**3 
Yield strength =36.0 ksi 

E = 29 x 10 A 3 ksi 


Using Interaction Method 
Allowable load: P = 86.722 kips 





PROBLEM u.i 


SOLUTION 


UL1 Determine the modulus of resilience for each of the following grades of structural 


(a) ASTM 

( b ) ASTM 

(c) ASTM 


A709 Grade 50: 
A913 Grade 65: 
A709 Grade 100: 


Of — 50 ksi 
Oj - 65 ksi 
o Y = 100 ksi 


c*f E r ^?x/0 6 josi -&>/* ajjt < Bw*«e s4ee^s 
(0L> G r r So Us! r £ o v/O* psi 

s: . iSWil- . 


y zb «(2<?v/oM 


Sy - 


£6 ksi - 6S*io s p+>i 

s/ , (fcSv/oO 1 
2 e ‘Ul(WxiO‘) 




*V* 


lOOks.' = lOOx/O^p*,* 

6/ _ ( loo*io*Y _ . s 

XB ' (2)(2?*/0 6 ) ‘ ^b/in 


PROBLEM 11.2 


SOLUTION 


1 1.2 Determine the modulus of resilience for each of the following al umin um alloys: 

(а) 1 100-H14: E » 70 GPa, c* = 55 MPa 

(б) 2014-T6: £ = 72 GPa a I = 220 MPa 

(c) 6061-Y6: £ - 69 GPa <* = 140 MPa 


A^?v»w'»Viu*v < a. >tfoys 

(stt E - 7o *i o' P a ; 6V * SS*lo‘ p ft 

NW*‘ - »u UY* 3 


(bl E - 72*/o < ' 6V - Z20*lo c P«. 

= 334WO- »-/.> 

te) E - * to" Pa ; S r r i^ox/o^ P* 


r 33C kT/* — 


* 3 S -■ 1 -- e ^ 





PROBLEM 11.3 


SOLUTION 


11.3 Determine the modulus of resilience for each of the following metals: 

(a) Stainless steel AISI 302 (annealed): £=190 GPa, <% - 260 MPa 

(b) Stainless steel AISI 302 (cold-rolled): E - 190 GPa 0 \ — 520 MPa 

(c) Malleable cast iron: E = 165 GPa (fy = 230 MPa 


E = )90*lo’ Pa. > & Y - Pc^ 

, , - ^ - - (ll&OtlO* L- - 171 N*m /»? 

Uy ' ZS OOO ‘JOx/O*) 

(b) E = 10** P<x, 6 r - S20*to‘ Pec 

_ 5 Y * _ ) - 7)2 y /o 3 N-m A'* 3 

" 2C ' (2)010* /£>“) 

(C) E - l^-S'x/O 1 P<5^ <5V “ Z3o*lO c Pa 

_ G T *~ (2So* IO c ^ - i60„3x/o 3 ^ 

Uy * 2e “ (!i)(iW< /o* ) 


- )77.^ kj/^ 5 


r 7U UA> 3 


r 1 60.3 kJ/* 3 


PROBLEM 11.4 


SOLUTION 


11.4 Determine the modulus of resilience for each of the following alloys: 
(a) Titanium : E = 16.5 * 10 6 psi: Oj — 120 ksi 

(i) Magnesium E = 6.5 * 10 6 psi: Oj — 29 ksi 

( c ) Cupronickel (annealed) : E ~ 20 * 10 6 psi: Oj “ 16 ksi 


E = \6.S*lo* p*«, 6; - \Zo xio 4 p*r 

,v - _ ( 12° _ - 436 m-JIa/i* 

° Y ' 2E “ (zUl&.SVIo*) 


(b) E - Z.s+lo 1 psi; <5 X - 2?*/° ps/ 

. . - A! - ^ £4.7 ,vii/iV 

u * ~ ZB (O<6.S‘>^10 € ) 

tc) E - 20 *|0 C p»; 4 c r r |c«|o 5 ps,- 

- Sl - (1£ * ^ t g.4c> w».ibA* s 



PROBLEM 11.5 


tr(MPa) 

600 



0.14 0.18 


5* s ‘ ress -f ain Sh “ Wn has been dra "' n from data obtained during a 

tensile test of an aluminum alloy. Using E = 72 GPa (a) determine th+ B * 

resilience of the alloy, ( b ) the modulus of toughness of the alloy. M ° f 

SOLUTION 

W 

^ i Eef = ^ (7**lO n )(aO06 

- we* to* A 3 r u<?e ^ 

(W'l MoJui^s o-f ^OOgknCSS. “ fo+tf lyf tftVHCOc |M«U* “He 

- S’fvauVt co^V€L 

Tta. o<r*Kn«,4e crF +ke s+v'tss - sVa>Vi 

co^v/€ t‘s 3*00 MP<*. - Soo x/o c N/h, 1 


TUe cat!*?*. i/n*W fk eoNe is A - (SOO x/O 4 )(0. 1$) - 9ox/O c 
moiohs of f>^Ue$S - foy/o 6 J/m 3 r 


PROBLEM 11.6 


//.6 The stress-strain diagram shown has been drawn from data obtained during the 
tensile test of a specimen of structural steel. Using £ = 29 x lo 6 psi, (a) determine the 
modulus of resilience of the steel, ( b ) determine the modulus of toughness of the steel. 

SOLUTION 


$>r* (a) S r - Ee, 

AVI 28 


0.2 0.25 


u y - = * ^(2‘?*/0‘)('o.Oo;?y' 

= 38.0 in./l/.n* 

(b) Modulus o-f 1 -fo^k«ess - 9o+Ai umcW He 

Stress- sitin'* co/vt 


H. IH 

kips /in 4 i ? 

If-'W 

./n - l<tp / in 

3.21 

p s/ i* 1 - 

3. *} 

i*T k'p. /in 

2.33 

kip //m** ~ 

2.33 

in - k*p / I* 

<V* K 

4 A 3 # 

£o 

i w l<«p /tw‘ 



PROBLEM 11.7 



11.7 The load-deformation diagram shown has been drawn from data obtained during 
the tensile test of a specimen of structural steel. Knowing that the cross-sectional area 
of the specimen is 250 mm 2 and that the deformation was measured using a 500-mm 
gage length, determine (a) the modulus of resilience of the steel, (b) the modulus of 
toughness of the steel. 


SOLUTION 

occ^i Jt Q2.S fc'M 

GLV*<1 r O. G M***) 


8 (mm) 


Uy - i V ID 3 ) 

- I g . 7 S W - rr\ 

- 18.7 S J 






J s+KiseJ V - AL= USoXSiw')" 1 7S * /o 1 




r 125 ^ 10“ C 




- it r JllZ^ r * /o 3 


V 


115*10-* 


ISO AT/*^ S 


A t = ( G2.S * to c )C e i£ * 1° *^) ' G * to* N-^ - G^/O 4 J 

A 2 - £ (28* to 1 / 76- y.ZZ* lo* - I- £Wo 3 J 

A - iOrwoOO/v/o- 1 ) » 0.5/ *lo 3 " O.CI*/0 5 J 

3 3 

To}*! energy U T TJy 4 A * + A 3 r 7. $S * 1° ^ 

moJJ.s of +^U«« * ^ r £ 3 *yo‘J-/. 


Hi 


63 MJ/i"’ 


PROBLEM 11.8 


11.8 The load-deformation diagram shown has been drawn from data obtained during 
the tensile test of a 0.75-in. -diameter rod of an aluminum alloy. Knowing that .the 
deformation was measured using a 16-in. gage length, determine (a) the modulus of 
resilience of the alloy, ( b ) modulus of toughness of the alloy. 



SOLUTION 

vt-e o-f S’jvcsSCeJ m&S k&.'t-cd i^utr 

V - | ol l L 

« | (0.7 S)'(li)- 7.0686 ,'v, 4 

(<z) ModuJos o^T KSi'Jt'ertce. 


? r - 3 o k.'ps - o.ioH 


P s 

Up - 2 Pp S T ' j(3o)(o.lo-i )• I.S6 k> - ISQO ,V 

moAoijs of r*Si Of - - 7 r > n- ■tbSm* 

(b) moJlohi at -foug lines 4 

A,- (3o1(/.ar-£)./oy> 53. 3? AVp-.n - SIZ&o ; n Jl, /,\* 

A* = lCs)0-8S-- O.lof) =■ k; f ■ m 

A 3 - 0.lo<t) T 4.656 k-> .V 


4 5 in /.n 3 
4C5G. <» /,V 


ZJ ~ ZJx + A, + A t 4- A 3 ” G73&I > \f\-JL / in 

rfoJiflfS op ■Kayt.f,, - ”5?^. , : %90O \r\-Jh/ir) S 


V 


7.06*6 



to 
' S> 

1 



PROBLEM 11.9 


11.9 Using E =29 x 10* psi, determine (a) the strain energy of the steel rod ABC when 
P~ 8 kips, (A) the corresponding strain energy density in portions AB and BC of the rod. 



SOLUTION 


p = 8 k.'pj £ = 2?*/o s ki. 

A - V- AL, 6-«-f , o* 

U = uV 


po r+i’oio 

cf 

L 

A 

V 

6" 

u 

I". 

in 

• a 

. s 
in 

Ws\ 

1 »7 - k*p/i r»' 

A6 

O.C25 

24 

as** 

7.3C3 

A.0S 

It. 72*10* 

6C 

O.T5 


0.44/* 

iS.-fc** 

18. U 

CbS^lP' 1 


17$. 


u = |7C.'2. 10"* r - — 

In AS J - ll m 7Z*lo m * in ■ /•'»* - 11.73. in-JL/i* 

In 6c U r S.£S+(0 % A** " ilGS A /n 5 


PROBLEM 11.10 


c p 

L_ 30 in. *-| 


11.10 A 30-in. length of aluminum pipe of cross-sectional area 1.85 in 2 is welded to 
a fixed support A and to a rigid cap B. The steel rod EF, ofO-75-in. diameter, is welded 
to cap B. Knowing that the modulus of elasticity is 29 * 10 6 psi for steel and 10. 6 10* 

for aluminum, determine (a) the total strain energy of the system when P - 10 kips, ( b ) 
the corresponding strain-energy density in the pipe CD and in the rod fir. 


SOLUTION 

EF: A - ■§* ^ r 0.4418 in' 


rn - TJ J £ 2 k. -» GobtCr*Y($o) = 76.4^ in- Jt 

L ' U * ZE A (2Xi0-6Wo*Xi-*O 

pr. j\ _ r /S7.3S in A 

c Hsr ~ 2CA ‘ (zX^mo'Ho.ihiO 

-rvU't 0 * tt. *' - 

^ ')" U 

CD •• 6* - P s ’ 3 0 ’ « = CzKIo^x^ 6 

g- *■ ’22.^ 5S ^ 

E^ : ~ U r *e (23(24 * I o^ 


sr/.£7ft in-AA* 3 

/ 

r£. 8^> in -Jit An* 






PROBLEM 11.11 


11.10 A 30-in. length of aluminum pipe of cross-sectional area 1.85 in 2 is welded to 
a fixed support A and to a rigid capB. The steel rod EF, of 0.75-in. diameter, is welded 
to cap B. Knowing that the modulus of elasticity is 29 x 10 6 psi for steel and 10.6 x 10 6 
for aluminum, determine (a) the total strain energy of the system when P - 10 kips, (b) 
the corresponding strain-energy density in the pipe CD and in the rod EF. 
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- 0- \B m 


CD* 13 - - C- gooQ 3 (3o_j _ _ j, 

EF: U gp = TTTT ? 7T \/ 000 ^c?/ 8 ^ - n*?. i*.JL 
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U - 1/c.o ZJjgf “ IS 8. 8 ^ ^ 

CD ; S' - - -f-|i - -.534 p*', o 1 Ife" I - °- 8g 8 i'o-AAi* 
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PROBLEM 11.12 


11.12 Using E- 200 GPa, determine (a) the strain energy of the steel rod ABC when 
P-25kN, (6) the corresponding strain-energy density of portions AB and BC of the rod. 


tO - 


SOLUTION 

20-mm diameter . -r . . » ■* i 

f (soy r 3 m. it 3;^ic*io 6 ^ 

o -- 16-mm diameter z . 
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. p ; 2.5 x It? 4 NJ 
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n t T ALA L 
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Us«io'VQ.2) 

(^K^ok/CXsh.Uv/o- 4 ) 

US* lo^^Cos 2 
+ (.50(2°°* 10' }{2OI.06* tCT* ) 

(cQ tl = 5.468 -t- 5.213 = 12.18 M-i* = 12.18 J 
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- )2H. 28 x /O 4 P* 


U* - &JL = tl2y.28><olil r sg.Gx/o' = 38.S Itf/m* 
czXsoo* i©*) 


PROBLEM 11.13 


i/.iJ The steel rod ABC is made of a steel for which the yield strength is o Y =* 250 
MPa and the modulus of elasticity is E = 200 GPa. Determine, for the loading shown, 
the maximum strain energy that can be acquired by the rod without causing any 
permanent deformation. 


• 20-mm diameter 

g 16-mm diameter 


SOLUTION 


Kt. ~ f ( 2 °^ - 3H.IC~~ X - SIV. /6 x to 1 " vf 

1.2 m I . .4 a 

A * aoKOfiww* aoi.**/® - 
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U 1 t ' (2.1(2° ox (O’ )(3/‘M6*)0‘ ) (Zl(2°°* lo'XXOl.OGxfO ) 

s 24. 13 + 25. 13 *■ 4?. 3 J •* 



PROBLEM 11.14 


11.14 The steel rods AB and BC are made of a steel for which the yield strength is 
o r — 300 MPa and the modulus of elasticity is E = 200 GPa. Determine the maximum 
strain energy that can be acquired by the assembly without causing any permanent 
deformation when the length a of rod AB is (a) 2 ra, (i) 4m. 


10-mm diameter 


• 6-mm diameter 
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A as - 76. ^ = 7g .S4*JO c m* 
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U “ (ZX? 00 * 10 *} + (2)(20Dy/0* )(xg.27¥ WO -c ) 
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PROBLEM 11.15 


11.15 Rod is made of a steel for which the yield strength is Oj = 65 ksi and the 
modulus of elasticity is £=29 * 10 6 psi; rod BC is made of an aluminuth alloy for which 
Or ~ 40 ksi and E = 10.6 * 1 0*psi. Determine the maximum strain energy that can be 
acquired by the composite rod ABC without causing permanent deformation. 


SOLUTION 


ET - )o4,oo k%; 
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0.4-in. diameter 
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PROBLEM 11.16 



U r - A L U r 

A - 


11.16 Rod AB is made of a steel for which the yield strength is a T - 300 MPa and the 
modulus of elasticity is E - 200 GPa. Knowing that a strain energy of 10 J must be 
acquired by the rod when the axial load P is applied, determine the diameter of the rod 
for which the factor of safety with respect to permanent deformation is six. 
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PROBLEM 11.17 


^■■in. diameter 


■j -in. diameter 



11.17 The rod ABC is made of a steel for which the yield strength is Oy - 65 ksi and 
the modulus of elasticity is E * 29 x 1 0 6 psi. Knowing that a strain energy of 90 in • lb 
must be acquired by the rod as the axial load P is applied, determine the factor of safety 
of the rod with respect to permanent deformation when a = 18 in. 


SOLUTION 

Aa« = TpUy ' 0.4418 k‘ 
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PROBLEM 11.18 


11.18 The rod ABC is made of a steel fra- which the yield strength is Oj = 65 ksi and 
the modulus of elasticity is E = 29 x 10 6 psi. Knowing that a strain energy of 90 in • lb 
must be acquired by the rod as die axial load P is applied, determine the factor of safety 
of the rod with respect to permanent deformation when a = 18 in. 



PROBLEM 11.19 



11.19 Show by integration that the strain energy of the tapered rod AB is 

U. 1 P ' L 


4 EA 


min 


where is the cross-sectional area at end B. 


SOLUTION 
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PROBLEM 11.20 



1.9c , „ 
.1 1.7c 


L L LLL 
5 5 5 5 5 


11.19 Show by integration that the strain energy of the tapered rod AB is 

_ 1 p2L 

U= 4 £A mh 

where is the cross-sectional area at end B. 

11.20 Solve Prob. 11.19, using the stepped rod shown as an approximation of the 
tapered rod. What is the percentage error in the answer obtained? 
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PROBLEM 11.21 


11.21 Using E ~ 10.6 x 10 6 psi, detennine by approximate means the maximum strain 
energy that can be acquired by the aluminum rod shown if the allowable normal stress 
is a# = 22 ksi. 


2.55 in. 


2.85 in. 
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PROBLEM 11.22 


11.22 In the truss shown, all members are made of the same material and have the 
uniform cross-sectional area indicated. Determine the strain energy of the truss when 
the load P is applied. 
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PROBLEM 11.23 


11.23 In the truss shown, all members are made of the same material and have the 
uniform cross-sectional area indicated. Determine the strain energy of the truss when 
the load P is applied. 
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PROBLEM 11.24 



fc>< 


11.24 In the truss shown, all members are made of 'the same material and have the 
uniform cross-sectional area indicated. Determine the strain energy of the truss when 
the load P is applied. 
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PROBLEM 11.25 


11.25 fa the truss shown, all members are made of the same material and have die 
uniform cross-sectional area indicated. Determine the strain energy of the truss when 
the load P is applied 
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PROBLEM 11.27 



3000 200 kN 


Bo V -Zoo 


11.27 In the truss shown, all members are made of aluminum and have the uniform 
cross-sectional area indicated. Using £ = 72 GPa, determine the strain energy of the 
truss for the loading shown.. 

11.27 Solve Prob. 1 1.26, assuming that the 120-kN load is removed. 
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PROBLEM 11.28 



1L28 Taking into account only the effect of normal stresses, determine the strain 
energy of the prismatic beam AB for the loading shown. 
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PROBLEM 11.29 



11.29 Taking into account only the effect of normal stresses, determine the strain 
energy of the prismatic beam AB for the loading shown. 
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PROBLEM 11.30 


1130 Taking into account only the effect of normal stresses, determine the strain 
energy of the prismatic beam AB for the loading shown. 


u> 



PROBLEM 11.31 


SOLUTION 
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1131 Taking into account only the effect of normal stresses, determine the strain 
energy of the prismatic beam AB for the loading shown. 
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PROBLEM 11.32 



102 Assuming that the prismatic beam AB has a rectangular cross section, show 
that for the given loading the maximum value of the strain energy-density in the beam 
is 

u 

^ma x — y 

B where U is the strain energy of the beam and V is its volume. 
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PROBLEM 11.33 


1 1.33 Assuming that the prismatic beam AS has a rectangular cross section, show 
that for the given loading the maximum value of the strain energy-density in the beam 
is 

45 U_ 

W max g y 

where U is the strain energy of the beam and V is its volume. 
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PROBLEM 11.34 


11.34 Using E = 200 GPa, determine the strain energy due to bending for the 
steel beam and loading shown. 


• 2.4 m — *+* — 2.4 m 
4.8 m 


W310 X 74 



SOLUTION 

Ove /• p or V|ov4 AC M -s 

CiS-'x- £$,*.** 

gej 2. } 0 mei 

By Ki rvi e “f ry "^cs "2 -Tac. ■ px 

To4*.i : U - U e6 - 


. Bill 


TVUi: U - Uac+ He ’ ££ 


D«,W P: 160x10^^ L’4.8*^ E - 2oq*Ig' F*. 

Jr ICS * to*’ - I £5 »IO C w/ 

TT _ 0,11 m . ^ , g^r 

^ (90(200* jo*)( MS* io"‘) 


PROBLEM 11.35 


1 1.35 Using E = 200 GPa, determine the strain energy due to bending for the 
steel beam and loading shown. 
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PROBLEM 11.37 


.16 kip • ft 



l_ U ol 



11.37 Using £=1.8 x 10 6 psi, determine the strain energy due to bending for the 
timber beam and loading shown. 
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PROBLEM 11.38 


24-mm diameter 


1138 Rod AC is made of aluminum (G = 73 GPa) and is subjected to a torque 
T applied at end C. Knowing that portion BC of the rod is hollow and has an inside 
diameter of 1 6 mm, determine the strain energy of the rod for a maximum shearing 
stress of 120 MPa. 


SOLUTION 
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PROBLEM 11.39 


T a = 300 N • m 


Tp = 400 N • m 



11.39 In the assembly shown torques T A and T fl are exerted on disks A and B 
respectively. Knowing that both shafts are solid and made of aluminum (G = 73 
GPa), determine the total energy acquired by the assembly. . 


SOLUTION 
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PROBLEM 11.40 


11.40 The ship at A has just started to drill for oil on the ocean flow at a depth 
of 5000 ft. The steel drill pipe has an outside diameter of 8 in. and a uniform wall 
thickness of 0.5 in. Knowing that the top of the, drill pipe rotates through two 
complete revolutions before the drill bit at B starts to operate and using G = 1 1.2 
x 10 6 psi, determine the maximum strain energy acquired by the drill pipe. 
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PROBLEM 11.41 



25 lap • in. 


11.41. The design specifications for the steel shaft AB require that the shaft 
acquire a strain energy of 300 in-lb as the 25-kip-in. torque is applied. Using G « 
11.2 x 10* psi, determine (a) the largest inside diameter of the shaft that can be 
used, (b) the corresponding maximum shearing stress in the shaft. 
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PROBLEM 11.42 


1 1.42 Show by integration that the strain energy in the tapered rod AB is 

7 T 2 L 





1 1.43 The state of stress shown occurs in a machine component made of a grade 
PROBLEM 11.43 of steel for which a T = 65 ksi. Using the maximum-distortion-energy criterion, 

determine the range of values of Oy for which the factor of safety associated with the 
yield strength is equal to or larger than 2.2. 



( |8.« + lo.i'c,)* + (-IO.S6- <§) + ( - IH.S6 ) - Z(zZ) 

SH7.17+ (UI.SH-2I.I2 6j + 6j') +(<5^- 37.12^ « 3tH.H7 ■ <7*7.87 

ZSj - I6<5> - WUIZ = o 

14 ±J _ 4 ± 

~ («(») 

6^ - 17.39 ksi ^ - 11.37 ks/ 

- 11.37 ks«' ^ 6^ £ /7.37 ksi 



PROBLEM 11.44 


1J.44 The state of stress shown occurs in a machine component made of a grade 
of steel for which a x = 65 ksi. Using the maximum-distortion-energy criterion, 
determine the factor of safety associated with the yield strength when (a) Oj » + 16 
ksi, (b) Of = - 16 ksi. 


I 





SOLUTION 


4 U». 



-W “ \ ' 

- 


- 4 k* .• 


J *£ » = I** 

• z r - v + r> 

, - 14.56 k*<‘ 

61 * 6 U* R * 

6L= £„« - «? - -IO-56 


c 6.-0* + (ff k -£V + 


61 = C> r ” 14 b, 


(|g.5t+ |o.5C ) l + (-I0.SC-/O + ( > 6 - '8.56') - 2 ^ 


gt+7-^7 +• 7^5“. 43 + G.55" - 


(F.S.) 


a>) er c = s, =• - ksi 

(W.SC + IO*S£>) X + (rlo.SL* <0 + - 13.54 'J 


F.S. =■ ^.33 




EH So 


EH7.H7 + 2^.59 4 - (^S) 


FIS. - 



PROBLEM 11.45 


11.45 The stale of stress shown occurs in a machine component made of a brass 
for which Oj = 160 MPa. Using the maximum-distortion-energy criterion, 
determine whether yield occurs when (a) o z — + 45 MPa, ( b ) o z — -45 MPa. 


y\ 


SOLUTION 

20 MPa 






( BU * =i Go 

- io<?-K° _ 

R = 7^^7777 

- ,/HoV 75* - 85 MPft 



a MPa 

(| M3 + 2S}’ 4 (-25- 4 ( ws- IW) 1 < R = S 19.00 

28900 + 99 oo + /oooo - 9 $goo < 5izoo (NoyicJA ) 


s; - s; = -95 MP« 

(IMS' +2s 7 4 (-2S+*lsV + C-HS'-IHS? < >5/200 

XS^OC) + 400 4 3GIOO t GSHoo > ^17.00 


(Y.eW occurs } 



PROBLEM 11.46 


20 MPa 


11.46 The state of stress shown occurs in a machine component made of a brass 
for which Oj - 160 MPa. Using the maximum-distortion-energy criterion, 
determine the range of values of a t for which yield does not occur. 


SOLUTION 


75 MPa 



100 MPa 





5' ai/e ~ 1 ( 100 GO HP* 

T l oo -Z o _ 

Z Z 

■= 75 MP« 

R * 7 * r a s 

^ Jho 1 + 75 s = 85 


SI - 6^+R " 145 MPa 
61 = 6U - C - -25 mP« 

s; - <s; 

(6^-S b ') t + C6L - SI ^ * OS, -CL) 1- - 2 6; 


(145^5^4 (-as-O* + ($-•*■>* - 
%«'oo + (£25 + 50 s; ♦ 6k*-) 4- (S-, 1 - Zlo6- t + XI o 25 = SUoo 

xs;* - 240 Sj - C50 * o 
- - 24Q ± -/24Q 1 4 COfrX - go ± £2. £5 



* 




5 Z - 122.65 MPa- j - 2.<5 MPa 
- 2.65 MP-s. < S. < 122.65 MPa. 



PROBLEM 11.47 


1 1.47 Determine the strain energy of the prismatic beam AB, taking into account 
the effect of both normal and shearing stresses. 


a 


SOLUTION 


Reccciit 


Ra - t° l , K -- ¥ ' 


SV>ea»- : V - - ^ 

M 





u. - 


JK/ r 


a. r L 

\ V/ 2 J* r 
ri* J. 


*£fl " v ' ^EXL* 

_ K X L 
6 El 


por e<s.'f 


u, - 


5 u Jir - £ £« kJ, «U - 'fivvvl C 2 * 4 

P - * # ■ * * ^ » t 22 4 dfcf* - * ' )4V 


9 M» /i*.. ^ / - §_ JJsSl. 

jGbJT lLls ' L ' -5 Gbd'L 


j, - ?M- 

F 'L - astd^J. 
e Mj c _ 3 m**~ 

5 CbJ'L S GWL 


To-M 


u - U + u m • itr- * f 


Mo*L , 3 it 

iTF 5- GfcdL 


W;4U I r fktJ 3 


U * 


£ b<* s 


, 1 iC_ . 2 Hq Z L C , . 3. £.4!? 
F“ 5- &b^L ■ C lo g l * i 




PROBLEM 11.48 




11 48 For the state of stress shown in Fig. a. determine the stresses in an element 
oriented as shown in Fig. b. Compare the strain energy density in the given state 
first by using Fig. a and then by using Fig. b. Equating the two results obtained, 

show that 

_ E 

G= 2 ( 1 + v) 


UsinOl MoW'i C A^cJc 
1 Yl* 


SOLUTION 


f \ 




(a-> S', = ° , Sj - ° ; * ?- 

U * (S"« l + *3 ~ ^ + ZG * 

ttO * t, , 6y~- - o 

u T (<5, ' ■* + 2G. 


IB 


Ac 


G- - £ 


PROBLEM 11.49 



* 1 1.49 A vibration isolation support is made by bonding a rod A, of radius R» and 
a tube B, of inner radius R 2 to a hollow rubber cylinder. Denoting by G the 
modulus of rigidity of the rubber, determine the strain energy of the hollow rubber 
cylinder for the loading shown. 


M *i- 


SOLUTION 


UJ 


4 - 2 Re * O 


- X Q = o 

- Q-- — 

L ZtFV'L 


U " r ^ Q* C (** JnrrA- j„ 

U = 5 U JV - 5 iFsT* >o \ r 

a* r L r e * 4 y Y , A.J 

Wgt V, ^ +ttgl‘V 4lT&L K> 



PROBLEM 11.50 




11.50 The cylindrical block E has a speed v 0 = 16 ft/s when it strikes squarely the yoke 

7 

BD that is attached to the "g - -in. -diameter rods AB and CD. Knowing that the rods are 

made of a steel for which Of - 50 ksi and E = 29 * 10 6 psi, determine the weight of the 
block E for which the factor of safety is five with respect to permanent deformation of 
the rods. 

SOLUTION 


Af "He erf fo/'ee i" e<v=-f toJi' i-s 

F - g-A 

Correspond energy 

Ftl L» t _ 6V*AL 

ZEh* ' ZE A ‘ ZE 

g/A L 

2E 

6A AL 


Uab 

U co - Seine 


U„ -- U 40 ♦ U, 


'CD 


U. 


- ( + vnV„*)(F.S.) r (£ •^OCf.O 


SJ •W *w- yJ~- 




S* gr AL 


Da+a.: ^ - 32. /7 -ft /«,* r Jg& In/sccl S r • SO«lO* psi, 

A r al* * (g ) * 0.6©'S? i'k*' E = ?9 K /o‘p si 

L - 3. S' ~ff ~ HZ in F s. - .5 1 

V. — J6 ft/sec r )92 in /sec 


_ (ZK386KFo-'lo > y(0.gO'^K t f2 ) _ 


9./2 Jk. 



PROBLEM 11.51 




11.51 The 18-lb cylindrical block £ has a horizontal velocity v 0 when it strikes 

7 

squarely the yoke BD that is attached to the -in.-diameter rods AB and CD. Knowing 

that the rods are made of a steel for which o f — 50 ksi and £ = 29 * 10 6 psi, determine 
B the maximum allowable speed v 0 if the rods are not to be permanently deformed. 


SOLUTION 

onse'i’ yieJUmg He -i-o^ce ' 5 

F - 

Co^re-,p^d»'v»g s+\h<»«'r\ ene^^y 

n . Riu . Sr'A' L . s;al 

' ZEhn Z£A zt 

T , . ev'AL 

U co = sft-f - -gg- 

SV Al 

To+*/f r UfB * r £“ 


u* - iwv; * v/ 

*fo^ V 0 Vo 


V * " 




ZaSr AL 

TV 


V. - 


EV 


Da.loL*. q r «.I 7 -W/sec*- - $ 86 ,v>/sec\ €* = p$«‘ 


Cj r l / TJ/^ec - i 

A - IfdT - f(D* * O.COI 3 * m\ 
L = 2.S ft * « ;« 


£ = Z 1 »IO L ps/ 

W = 18 A. 


(gVsg0^o-<o , ^Co.6Q!» Xj«J , 3o5 6 Aec 

(Z<»*<0*)( 181 

= 2S. £ ft. Ate 


PROBLEM 11.52 


16-mm diameter 



1 1.52 The uniform rod AB is made of a brass for which a T = 125 MPa and E - 105 
GPa. Collar D moves along the rod and has a speed v 0 = 3 m/s as it strikes a small plate 
attached to end B of the rod. Using a factor of safety of four, determine the largest 
allowable mass of the collar if the rod is not to be permanently deformed 

SOLUTION 

A4 onse4 P**» : 

G, r \1£*lO c 

A * ^0 - 2O\.0C">* ’ ZOL06»iD~ C vy? 


P„- ^IM M 

1T P«L _ (Z S\S2>)'0.1) 

ST\Ta->o eioe^jy - ^E * /O ) 

= 17. 1S3 J 

Cv) 4'"'''^ Sccfe~fy o*T“ ” ^ W) V 0 (F.S. ^ * 2"oV D 

2 rrt V 51 = U to = -Tj=- = = 0. 


PROBLEM 11.53 


16-mm diameter 



L = 1.2 m - 


11.52 The uniform rod AB is made of a brass for which Oy ~ 125 MPa and E - 105 
GPa. Collar D moves along the rod and has a speed v 0 = 3 m/s as it strikes a small plate 
attached to end B of the rod. Using a factor of safety of four, determine the largest 
allowable mass of the collar if the rod is not to be permanently deformed 


11.53 Solve Prob. 1 1.52, assuming that the length of the brass rod is increased from 
1.2 m to 2.4 m. 

SOLUTION 


A4 oise"f r A 

A r ^ - f(l6> ZOl.OQmm* ? 
r 25 1 “S3 N 

Cowe s ponding enev^ ~ 


S Y - 125* /O 4 Pc, 

Z0) m 06* fO~ c n 

Ph L ( 25133 Y 

XE A ‘ OOO°S*/O*X20l. 06**0“*) 
= 3S. 706 J 


k»ne4\d encv-^\| 4*1 S«4e4y 




m * 


U. 




to V 0 * (7 ^ 


» 2 to \C 

*.775 kj. 



PROBLEM 11.54 


• Bronze 

E = 105 GPa 
12-mm diameter 


11.54 Collar D is released from rest in the position shown and is stopped by a small 
plate attached at end C of the vertical rod ABC. Determine the mass of the collar for 
which the maximum normal stress in portion BC is 125 MPa. 


SOLUTION 


B Aluminum 

^ £ = 70 GPa 

i I 9-mm diameter 




= 17.750 J 


4m ■ lS-mm diameter g c - ^ = US’ * lo‘ fix 

Bn-Aluminum Si. 417 

£ = 70 GPa 

2-5 m ^gJL ^ 9-mm diameter p^ r Ag c = 7^.52. N 

1_ g,j 0 ' 6m 

^ poiocl 

Pm*^ _ 03SzY_i^£2 = 17.750 J 

Bc " tZ'>(7oxlO‘M(63.6l7>‘/0-‘') 

■ II 3. ?07 = ll3.<?o7 */0"‘ ^ 

TV _ P- 1 - <-«■> . (-reO*t4> - 10. SfH I 

0,6 " Ze, a K a ' (2y/offx/0‘ , Xll3.1o7»to-‘) 

tie, ^ U AB • «.8« J 

A - _ 7.l^x/o'* V* 

Am “ 5 ' 7'1.‘T2 


2 r || 3 . 7^7 X /0 6 PV1 *“ 


lo.,T?¥ J 


7T-5X 


7.1**/© v* 


F-JW^ dts4a.ce Vj ’ O.C + 7.IZ*lO~ - O. * 

Work of W.fgW = U. !Vh = mjh = Um 

.. Um . *8.324 = u 74 kl 


-s _ 


0.60712. w, 


mn - 


* (^8O(0.4O7U') 


¥.74 loj 


PROBLEM 11.55 


11.5* Collar D is released from rest in the position shown and is stopped by a small 
plate attached at end C of the vertical rod ABC. Determine the mass of the collar for 
which the maximum normal stress in portion BC is 125 MPa. 


2.5 m D J 

L 


12-mm diameter 
Aluminum 

^ E = 70 GPa 

it i 9-mm diameter 


11.55 Solve Prob. 11.54, assuming that both portions of rod ABC are made of 
aluminum. 

SOLUTION 

Piv-J" iov«t BC : " '2S x/o‘ Pa 

Asc. - f(‘0* - 6S.&I7 w* 1 - €3 

TV S'.. A*. = 1*152. N 


pcvvel 

inj S+V'A.i'v 

r - 

P^U. _ 

J 8 c - 

ZE Aftc 

- 

w - 

Y 

^-AS 

Jab • 


VhJ 

U w - 


(aX7ox/o‘» Xcs.6/7 */cT c ) 


17. 7^0 J 




lojfj - LJac 4 ljmb * 

Coy'^'C.S poMoi nn«j e^Po»i to** A*, 

A - (zVzz.tn') 

^ ' Pv. ^ 


— r . - JS.86I J 

13. 907*10**) 

33. CM J 

iP.A* - 

r S.VS v/o‘ 3 M 


Fo/I/P cl .'s'/ * ce 

Ia/o^Ic otT u>eT^ Lf - U*, 

... _ _ 


m - 


h r O.c + A* * 0. Cog vs* 

"Wh = PMjb • 1L 
3 Mi! = 5".c3 k« 

9 I Vn CnOU r- \ O 


3 Vi ‘ (‘?.?0(o.£ogf5’) 



PROBLEM 11.56 

ACE 



11.56 The 100-lb collar G is released from rest in the position shown and is stopped 

7 .5^ . 

by plate BDF that is attached to the g* -in.-diameter steel rod CD and to the g - m.- 

diameter steel rods AB and EF. Knowing that for the grade of steel used - 24 ksi and 

E « 29 x 10* psi, determine the largest allowable distance h. 


SOLUTION 




BDF 


be Hie eA>ncj«*4 

r©* 

*SVt 6-„ i— 

^EF i- 

E £ 

E 

r 

24 X /o' 

g ft = in 



= 


[M -L r 7 <f. M4S y IO~ Z in. 


- S 73.28 in- A 


y io 

^ i • rv ELL - (gAA./z-^ L. F A . AL 

cd: Aco= ; f(i) 1 - 0.&OI3Z. ; n % 

,, . fasyio 1 - .T73.28 in-A 

Uc *> " (a) (.90 

(?oJs Ae FF ! A* 6 = A er * ■? (f ')* s 30680 

„ . J, _ (.ny/otHo-twH-nw tof = ,Wi 

Ua8 ' u ef * U) (•?«■) 

To-Ui U M * U A8+ U. ♦ Ufr = HS8.Z7 .VA 

F^jC>,-« 3 Ji»W« .« tn ♦ A* „ V ’ IOO Jk 

>T (h + A w ") - U» 

y, + a t LL t ;/f8 - 3 Z r n.^83 in. 

k - ll-S&Z - 19.99Z*iO' Z r //.SO iV 


U* e " U 


W A . it - ^£gi£2 

n ^ a * * -*/• * 100 



PROBLEM 11.57 


ACE 



11.56 The 100-lb collar G is released from rest in the position shown and is stopped 

by plate BDF that is attached to the -in.-diameter steel rod CD and to the f - in.- 
diameter steel rods AB and EF. Knowing that for the grade of steel used = 24 ksi and 
£ = 29 x 10 6 psi, determine the largest allowable distance h. 

7 

11.57 Solve Prob. 11.56, assuming that the J -in.-diameter steel rod CD is replaced 

by a j -in.-diameter rod made of a grade of aluminum for which = 20 ksi and E = 

10.6 x 10 6 psi. 

SOLUTION 

le-V te He . L* 2^ *96** 


BDF 


A* = 


SUL = 


if g- A6 , A^ - n.w»io" - 

It 6 ca * 20 * /o' pv ^ * IS/. '3 X ID - * ixi. 

S voiot = 77. W*/o' 5 i» 

_ | j i r - £lt_ . ( CAA./1 L . FA Aw 

y ~ ova v*©** u ' 2 ? /_ 

tfoot CD: A^ = 3(£) 1 -* °- £oi2 * <•«*_, 'O.e*/o‘ pa; 

tt (iQ.fc y/o‘■)(o■eotg3')(7?■^^8>^/o' 5 ') , ^ _ ^7. s 4 .„-iA 

" 00(10 

Rods A8 EF: A* b - A £F - 3(4)* = 0.3o(,80 .V 

. u (2<7'</pM(0.3068oX71-‘j‘/8V(0- i ) 1 _ it 


lU = U, 


00(70 


T»+*i U* - U la + U=„ ♦ U, 

F*iii "5 drttoxff is h + Am 

~W (h + A.O r 1L, 


7 •?</.£■? iM-i/t. 

~W - loo it 


h + 


- U~ - _ 


- 7.<mi 


Vi t 7.t/S'2. - 


-z _ 


7.37 in. 


ou 


r 





PROBLEM 11.59 



11.58 The steel beam AB is struck squarely at its midpoint C by a 45-kg block moving 
horizontally with a speed v 0 = 2 m/s. Using E = 200 GPa, determine (a) the equivalent 
static load, (J>) die maximum normal stress in the beam, (c) the maximum deflection of 
the midpoint C of the beam. 

11.59 Solve Prob. 11.58, assumingthat the W150xl3Jrolled-steel beam is rotated by 
90° about its longitudinal axis so that its web is vertical. 


W150X13.S SOLUTION 


FVok-i A ppttvu'i (X C -Pot W ISO* 13. S' 


_ o. ^1% * IO L - D. 7 / S X lO~ u yv\ H 

S r iz.i X (o z V**? = 18.4 X /cT 4 

w 

Kincfic T r i T - 40 J 

Fv'ovvk Append** Ca.se ^ 



U 1 * H. ly.l “ EX 1 

, -p . he. EJ f . = T.tfe^xio 1 M 


(a) 'PW-^DT 


(s- 0 ) 3 


^ 7.67 ArU 


,s e* , , &L _ (7. . 6Cff y.,H ^ . £ l , S/4*)0‘ f*. 

''*• S 4S (‘ntig.Hxio-*) - 313 MPa. 


(el ty. 


_2U . 

P„ 7. CCS'" 10 


Z3.tr » lo s ^ - 23. S w***! 


PROBLEM 11.60 


11.60 The post AB consists of a steel pipe of 3. 5-in outer diameter and 0.3-in. wall 
thickness. A 15-lb block C moving horizontally with a velocity v 0 hits the post squarely 
at A. Using E - 29 * 10 6 psi, determine the largest speed v 0 for which the maximum 
normal stress in the pipe does not exceed 24 ksi. 



SOLUTION 


Co = 1.7 r/.7$-a3 - ms .v 

I =• -f(c 0 H - C/) =■ 3. 9943 i ZHooo 

& s tL£ M - (3.«<W)Ua*>o' K S3H07X i- 

T -> ^ C 1.75* 


u kn j* 


P w - ^ r = i n?.£< 



PROBLEM 11.61 



Apjoe»oJiV X) Ca.se 
v - P-L s J* (ma. 

“ 3£l ' (31(W» 


(m2.C6 

(3K2T «/0‘ )(3. 8<m 


= 0. »», 


U*n =■ ^(ll^.^XtP.3^31^') - %OZ.OS i»-JL 


l^v’ - IT 


2 - _ (g)(3SOftte*.q5- ) 


r JOS^iV/see 1, 

Vo ■ 163.0 i«/sec - S.SO -fi /sec 


11.60 The post ^5 consists of a steel pipe of 3.5-in outer diameter and 0.3-in. wall 
thickness. A 1 5-lb block C moving horizontally with a velocity v 0 hits the post squarely 
at A. Using E- 29 * 10 6 psi, determine the largest speed v 0 for which the maximum 
normal stress in the pipe does not exceed 24 ksi. 

11. 61 Solve Prob 1 1 .60, assuming that the post AB consists of a solid steel rod of 3.5- 
in outer diameter. 


SOLUTION 


C - j[d - 1.75* m 

6^- ZHOOO P *,‘ 


7. 3GC* 

l = <4 ft- - n 


M*£ 

I 

M 


-- £& , iZiCenUHocs l = IOIO „ ib . 1M 

c. 1-75" 


P„ - ~ * ZID1.C Jit?. 

9y Appear! iy *D j Case I 

v « _P~L S _ = 0.3 CSI1 /*> 

' 3^1 " C3)(JWxio 4 K7.3CC* ) 

U* - - ^(2/oV. OC°-3C3l*?) - 38^. W |VA 

, V\,2 - r t v/ *. ill 

i -f , v 0 - - / <r 4 , , 

~ I 9 G 70 |V> /sec 


Vo “ iHO.ZS' i.y) /sec 


I.M -B/sec 



PROBLEM 11.62 


11.62 The 2-kg block D is dropped from the position shown onto the end of a 16-mm- 
diameter rod. Knowing that £ = 200 GPa, determine (a) the maximum deflection of end 
A, (b) the maximum bending moment in the rod, (c) the maximum normal stress in the 
rod. 


4QmmJ 

A 


D 

0 2 kg 


SOLUTION 


Bl 

- 0.6 m — ►! 



L 


J r = 3.Z170 xlO***.’ 

c d rr m U<2> r A-6 * 


Append ix j C&s>e \ 


P r 2Hv r 
r i 5 


S.^341 x/O 3 y* 


A - P* Ua 

J’*’ 361 

p . 3EI _ <3V*oo»icrX3.in*io^l _ j_c,sci>t|o a y* 

‘ ]_ A |5 * (O-O 3 J 

U„ - iP*y„ * = 4. 4C8i x/o 

Work 0 f JropH - WW.fOCaoie + y.'t 

- 0. 78 4 s + I9.£2.y* 

wor(c e^e/^y 

o.784» + C?.C2 - 4.4-cg/ x/o 3 

- 4.3<?l./-X/o‘ 1 y M - |:7S'.6SS’v|0- c = o 
^ y n T i[ H.wiiv/o- 4 4 y&.vtn*/ o-') 1 4 (<»Ki7s.gv5»/o' c ) 1 

- 15. 629 X'/o" s tv, * / 51 »v»v, 

r (g. 936/ x Jc? 4 ^ 15. 4 2^*10" 5 ) r 13?.^ V 

(to M* x - R» t Aa -- -(l$1.Ct)(o.C) r -83.8 W-w 

f- . IMal£ . (B3.8 XjxjoJl r ^08 */o‘P«. - /os Mfa. 

lc; j *3.2.170* for* 1 






PROBLEM 11.64 


11.64 The 50-lb block D is dropped from a height of 20 in. onto the steel beam AB. 
Knowing that £= 29 x 10 6 psi, determine (a) the maximum deflection at point E, (b) the 
maximum normal stress in die beam. 


SOLUTION 


-30 60 in.- 


JLa T = 3 ?.£ \* H , S* = 9.91 m 

g(|p E W8 X 13 ^ ' 

* 30 in.-- 60 in. - Append i'V V> ^ Ca-S« 'S 

0 v E^lbl , 

| = 10 . 44^3 x/o'‘ P„ 

V ^ - -tsioo j e 

KCX.-S- Id ^ 

U„ = iP.y* -- 478 <ro y E 

Work ..-f -kJi.v .3 vc'jLt ‘W(h+y e ')* soOo^g') - iooo+SOj, 

vJ 6 »r\c awe| • |00O + SO - ^IS^O ^jg 

y e l - /. 04493* /£"* - 20.899*/cf 3 - O 

(cO _y e = i[ i.omhwx/o* -*• 1 /0.ohhi3,*io‘-Y + (n)(?o~i’n*tcr"> \ 

- O. 1^5/ m ^ 

P M = (f?S7oo)(o.WS7 1 r 1 3 83 S' ife. 

M , E=^? = (isgas-Y^I^p) , *77.7 »/o 3 A-,v 


GO SU * V> 

""—'X 


^77. 7 */o* 
9.4) 


;?8.ov/o*p*i * *8.o ksr 



PROBLEM 11.65 



> in. 


11.65 A 1 60-lb diver jumps from a heij^it of 20 in. onto end C of a diving board having 
the uniform cross section shown. Assuming that the diver’s legs remain rigid and using 
E- 1.8 x 10 6 psi, determine (a) the maximum deflection at point C, (b) the maximum 
normal stress in the board, (c) the equivalent static load. 

SOLUTION 

2.65 in. I = iHl6')(3.65') 3 - z*. 8/3 in 4 

L - 7. S -Ft. ~ 47 •'* , Cl - Z-S -Ft - SO iVt 

U c ■ 5 0*0 * '• 3 X 5 <"■ 



P L 

Ovw AS M r - cl * 

t r fill/. . P ~L\- fyVw , PltV 

U A " XEZ<x x \ GE1 
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PROBLEM 11.66 


11.66 The 3-lb block D is released from rest in the position shown and strikes a steel 
bar AB having the uniform cross section shown. The bar is supported at each end by 
springs of constant 20 kips/in. Using E = 2*f x 10 6 psi, determine the maximum 
3 ib deflection at the midpoint of the bar. 
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PROBLEM 11.67 



11.67 The 3-lb block D is released from rest in the position shown and strikes a steel 
bar AB having the uniform cross section shown. The bar is supported at each end by 
springs of constant 20 kips/in. Using E - 20 * 10 6 psi, determine the maximum 
deflection at the midpoint of the bar. 

11.67 Solve Prob 11.66, assuming that the constant of each spring is 40 kips/in. 
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PROBLEM 11.68 


°f we, 8 ht WiS placed in contact with a beam at some given Doint D anrf 
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PROBLEM 11.69 


11.69 A block of weight IP is dropped from a height h onto the horizontal beam AB and 
hits it at point D. (a) Show that the maximum deflection y* at point I) can be expressed 
as 
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ft. 


where y„ represents the deflection at D caused by a static load W applied at that point 
and where the quantity in parentheses is referred to as the impact factor, (b) Compute 
the impact factor for the beam and impact factor of Prob. 1 1.62. 

11.62 The 2-kg block D is dropped from the position shown onto the end of a 16-mm- 
diameter rod. Knowing that E = 200 GPa, determine (a) the maximum deflection of end 
A, (b) the maximum bending moment in the rod, (c) the maximum normal stress in the 
rod. 
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PROBLEM 11.70 
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PROBLEM 11.73 


11.73 Using the method of work-energy, determine the slope at point D caused by the 
couple Mo. 
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PROBLEM 11.74 




1 1.74 Using the method of work-energy, determine the slope at point D caused by the 
couple M<,. 
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PROBLEM 11.75 


11.75 Using the method of work and energy, determine the deflection at point C 
caused by the load P. 
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PROBLEM 11.76 




11. 76 Using the method of work and energy, determine the deflection at point C 
caused by the load P. 
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PROBLEM 11.77 


11.77 Using the method of work and energy, determine the slope at point B caused 
by the couple 
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PROBLEM 11.78 




//. 78 Using the method of work-energy, determine the slope at point A caused by the 
couple Mo. 
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PROBLEM 11.79 


l — 200 mm ^g 


l = 200 mm 


■ P = 150N 






11.79 The 12-mm-diameter steel rod ABC has been bent into the shape shown. 
Knowingthat E - 200 GPa and G = 77.2 GPa, determine the deflection of end C caused 
by the 150-N force. 
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PROBLEM 11.80 



11.80 Two steel shafts, each of 0.75-in. diameter, are connected by the gears shown. 
Knowing that G = 1 1.2 * 10 6 psi and that shaft DF is fixed at F, determine the angle 
through which end A rotates when a 750-lb-in. torque is applied at A. (Ignore the strain 
energy due to the bending of the shafts) 
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11.82 A disk of radius a has been welded to end B of the solid steel shaft AB.. A cable 
PROBLEM 11.82 is then wrapped around the disk and a vertical force P is applied to end C of the cable. 

Knowing that the radius of the shaft is r and neglecting the deformations of the disk and 
of the cable, show that the deflection of point C caused by the application of P is 
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PROBLEM 11.84 
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TK 

J_ c 2 


11.84 Each member of the truss shown has a uniform cross-sectional area .4. Using the 
method of work and energy, determine the horizontal deflection of the point of 
application of the load P. 
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/i.85 Each member of the truss shown has a uniform cross-sectional area /l. Using the 
method of work and energy, determine the horizontal deflection of the point of 
application of the load P. 
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PROBLEM 11.86 


11.86 Each member of the truss shown is made of steel; the cross-sectional area of 
member BC is 800 mm 2 and for all other members the cross-sectional area is 400 mm . 
Using E = 200 GPa, determine the deflection of point D caused by the 60-kN load 
shown. 
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PROBLEM 11.87 



d 


11.87 Each member of the truss shown is made of steel and has a uniform cross- 
sectional area of 3 in 2 . Using E = 29* 10 6 psi, determine the vertical deflection of the 
point of application of joint A caused by the 16-kip load. 
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PROBLEM 11.88 


11.88 Members of the truss shown are made of steel and have dteerws-sectionalar^s 
shown. Using E = 200 GPa, determine the vertical deflection of joint C caused by the 
application of the 210*kN load. 



SOLUTION 


sJpjo>*l > B 


+ - o 

-iF At - % Fee = O 

+iIFj-o 

**»■“• 4 - i Fa. - -- ° 

Solv\y\^ Sl'mol'f^i.eoOS ^ 

F»c - n5 kU F*. - - ns kw 


,tZFj = o 


■ A P 

F. a -(|)(nO 
F.o - l°S ktJ 




F(W) 

L 

A (lo' c w ) 

loS 

3.o 

12oo 

1 75 

2.5 

1200 

- US’ 

2.5 

isoo 


Z1.SC2S xfo'* 
£3. %oZ I x /<?** 
tjt.SM 7* ZO ,z 
* fc> ,u 


r r - J- 5 £lL 

4?. a h - u* 


133. 8^3 *to' K 
[zyzoo x(^) 


334. 75- J 


A r ^ ^ r ^ X33*f. 7s) _ 3. \°l * /o” 3 ho * 3.14 *'*»n 

^ 'p 210*10* 




11.89 Each member of the truss shown is made of steel and has a uniform cross- 
PROBLEM 11.89 sectional area of 5 in 2 . Using E = 29* 10 6 psi, determine the vertical deflection of the 

point of application of joint C caused by the 15-kip load. 
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PROBLEM 11.91 



(a.) Firs+ He* M t 


1 1.91 Using the information provided in Appendix D, compute the work of the loads 
as they are applied to the beam ( a ) if the load P is applied first, (b) if the oouple Mg is 
applied first 

SOLUTION 
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PROBLEM 11.92 


11.92 Using the information provided in Appendix D, compute the work of the loads 
as they are applied to the beam (a) if the load P is applied first, (&) if the couple M<, is 
applied first. 



SOLUTION 
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PROBLEM 11.93 



11.93 For the beam and loading shown, (a) compute the work of the loads as they are 
applied successively to the beam, using the information provided in Appendix D, (6) 
compute the strain energy of the beam by the method of Sec. 1 1 . H and show that it is 
equal to the work obtained in part a. 
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PROBLEM 11.94 



11.94 For the beam and loading shown, (a) compute the work of the loads as they are 
applied successively to the beam, using the information provided in Appendix D, (b) 
compute the strain energy of the beam by the method of Sec. it .4 and show that it is 
equal to the work obtained in part a. 


SOLUTION 

(<iO La.tei fo trees Tg P c 
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PROBLEM 11.95 



1 1.95 For the beam and loading shown, (a) compute the work of the loads as they are 
applied successively to the beam, using the information provided in Appendix D, (b) 
compute the strain energy of the beam by the method of Sec. 11.9 and show that it is 
equal to the work obtained in part a. 

SOLUTION 
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PROBLEM 11.96 


11.96 For the prismatic beam shown, determine the deflection at point D. 



SOLUTION 
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PROBLEM 11.97 



a _J 

— L/2 A 


11.97 For the prismatic beam shown, determine the deflection at point D. 
SOLUTION 
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PROBLEM 11.98 


11.98 For the prismatic beam shown, determine the slope at point D. 
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PROBLEM 11.99 



11.99 For the prismatic beam shown, determine the slope at point D. 
SOLUTION 
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PROBLEM 11.100 


11.100 and 11.101 For the prismatic beam shown, determine the slope at point A. 



SOLUTION 


Mi coopJe A.'i pet* t A- 

^ f? s * ^ 4 

u = <** -abC* 1 * *55^^ 

C " IS, T at + eiC M 

^ , 


OiMs^ po^tiov» M} (o< y < <x') 

Ov/e^ por'h'ot*. DB (o < V< M - fig V - •* ^ 

S4 M. » o e A r £*<£1* y , -* v„, H jbC' £ •»* 


an* 

2M - V. 

" L 




- i b t ct' - ^ t CL 3 4* i a b 3 ) 


Ell’ 


= JfeJa>.( 3la- 2a + 2 k a ) ^ 
Mr v 


ri«JBJLILlVI 



SOLUTION 

A«M coop^e. point" O' 

< £>*\ 5 • Pes I f * \AZ «'•■£ op UW 

p _ Mo - p _ H a - Mp 

) K& - ^ 


u 


pov’-'Kdv* 

Set M* =■ o 


u 

v* 1H. * + 

Ov<^ po^fien Ad Co<X*dL> M = M A + fi>*X - Ma^-Z - £) ^ 

L 

- i** - at?) 


.2*3 . JL 

*%kn - 


D8 (o<v<t > ) M = f? B v 

w v »« ~~ 

C^x-f)^ 


Q A ' £ll ^ 


= -lift- ( 

EIL* V 


H 


6WL 


- ^3L a* - 2o. 3 - Zb 3 ) ^ 



PROBLEM 11.102 


1 1. 102 For the prismatic beam shown, determine the deflection at point D. 
SOLUTION 


272 — *4 * — L/2 — *+*— 272- 


fot-'ce Q A-f poi^t B- 

B 

^eoe’ffot'vs* - w L *■ ;* Q. 

^ r U At> + ^D6 + ^EB j‘ r 


poirit'o^ 

AD : 

w ilK 

Q= O 

H = D 

o)X3a» _ f-\ 


DE : 

M - £g 

V - W (v + 

■LA* _ 
•?) = 

wlv-jjw (vVfcV" 

9Gt " 

-*v 


=M' m 

*^v/ 

Sei Q.^O 

^Uoc _ 

9<X " 

Sfl> 


^CwL 

V - £ w 



- V7 

S*l-u 

J o 

2 4 i (,V 3 

+ Lv* 

+• tK’v jj[ J, 


W 

- 1- 1 •£(?)' 

* Ki&y 

4 i* 

1/L 

312 

i 

‘ X 

(-X+lk 

4 X 

+ V* 

+ 6H ) 

wl‘ 

El 

» 

oh E8 - 


wu 1 



r O 

PUu, 

. 3L)«* . 

— A i 

i 

w/L v 


" :>Q 


- U + 

768 

£1 


BI 

■ z>v 


= O 
3Q 

1 

762 €1 





- — - ^Q. 


c - 51? 
- aa 


7ST ' a. x 


PROBLEM 1 1 1 03 11*103 For the prismatic beam shown, determine the deflection at point D. 
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PROBLEM 11.105 


11.105 For the prismatic beam shown, determine the slope at point D. 


SOLUTION 
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PROBLEM 11.108 


1 1.5 kips 1 1.5 laps 


11.108 For the beam and loading shown, determine the deflects at points. Use£ 
= 29 * 10 3 ksi. 


SOLUTION 
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PROBLEM 11.109 


11.109 For tiie beam and loading shown, determine the slope at end^.. Use E — 200 
GPa 
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PROBLEM 11.110 


11.110 For the beam and loading shown, determine the deflection at point C. Use E 
= 29 x 10 3 ksi. 
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PROBLEM U.lll 


11.111 For the beam and loading shown, determine the slope at end A. Use E - 
* 10 3 ksi. 
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PROBLEM 11.112 


11.112 Each member of the truss shown is made of steel and has the cross-sectional 
area shown. Using E = 200 GPa, determine the vertical deflection of joint C. 

SOLUTION 
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PROBLEM 11.113 
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11.113 Each member of the truss shown is made of steel and has the cross-sectional 
area shown. Using E - 200 GPa, determine the horizontal deflection of joint C. 
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PROBLEM 11.114 



<Toin^ C 


11.114 and 11.115 Each member of the truss shown is made of steel and has the 
cross-sectional area shown. Using £=29 * 10 6 psi, determine the deflection indicated. 
11.114 Vertical deflection of joint C. 
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CaJJ +Ke x/ev'+tcoJ PooA P. The 'c«J 

cle-P-lec4-i'«>* csf" joi'n'f C is Sp 

c - 211 - £lL - / y FL 3F 

~ 3P “ 2>P*-2£A * £ ^ A 9^ 

AC " V 9 1 4- 3. 75 2 - <L75 -ft =• m in 
§C - ifs r +S-7 f * = £-25 -f+ - 75.^ 

4-ff x ^ £-ft = CO i* 3.75 ff ^ VS'.Vi. 


+ '*2-F,r 0 -Mr,. 


>7 rAc 7? 


- D 


+■ f 


J*£. cr _ p _ p = 0 

117 **. 75 1 ^ 


SoA/i'n^ sinoW+neousJy F> c - 3.?S P ; P 6< . = - 3.75 P 


Jdivft 8 


3.75 P 


+ ^ ' ° ~ Fb ~ F Ac - O 

Fan ' -2.00 P. 



F 3F/3P 

L Cm") A Cm 1 ) 

F(3F/.PP)L /A 

AB 

-3.06? -3.&o 

HS 

H 

I0S.0O p 

AC 

3.25^ 3.2s" 

II 7 

Z 

e< 7. «n p 

8C 

- 3.^ p - 3.75 

15 

G 

175.78 P 


S. r 


ggjLjl P 
E 


I 90/. £<? P I 

:iol. 61 )( 7 .£r*/o') „ „„„ . , 

Z“? K /o 6 - 0 - 733 1 




PROBLEM 11.115 



11.114 and 11.115 Each member of the truss shown is made of steel and has the 
‘Toss-sectional area shown. Using E = 29 * 10 6 Dsi. determine the deflection indicated. 
11.115 Horizontal deflection of joint C. 
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PROBLEM 11.116 


11.116 and 11.117 Each member of the truss shown is made of steel and has a cross- 
sectional area of 500 mm 2 . Using E = 200 GPa, determine the deflection indicated 
11.116 Vertical deflection of joints . 
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PROBLEM 11.117 



11.116 and 11.117 Each member of the truss shown is made of steel and hasa cross- 
sectional area of 500 mm 2 . Using E — 200 GPa, determine the deflection indicated. 
11.117 Horizontal deflection of joint S. 
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PROBLEM 11.118 


*11.118 For the uniform rod and loading shown and using Castigliano’s theorem, 
determine (a) the horizontal deflection of point B, (b) the vertical deflection of point B. 
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PROBLEM 11.119 


1 1. 1 19 Two rods AB and BC of the same flexural rigidity El are welded together at B. 
For the loading shown, determine (a) the deflection of point C, ( b ) the slope of member 
BC at point C. 



SOLUTION 

Add -fo^ce Q. avid co ufJe C. 

= o R c Jt + + = o 

= P f Q. + ^ 






+ V 2 

: Fx = o p 4 a 

* p.» * © 


Mediae/' AB 

* 

M = 

Vy r 

f^r 

* v 2£1 = o 

•J "> 3 Mr 


p» ; { 

* M 1 
,111 

Jy 

L 


Se+ Q. 

r O a*uA 

1^-0 


o'Uab 

l 

‘ EX 

i M 


= stVyX^Jy 

m x Pi 3 

3 ET 



B>M C 

1 

r El 

i « 

'IRa 

= o 



MewU/ 1 BC 

: 

M - 

M c 4 

f? c X - Me. 4 (P + 


X 




2H 



4 






* _> 

S>M C * 1 

T 



u sc - 

r* a 

4 , 2<TX * v 

Set 

Q. " O avd 

M c - £> 


o^Uec 

9 G * 

l 

: El 

M 

J o 

3 ^ Jy 

’ Wi l( p *V <=>* 

_x££ s 

* 3 CJ 



' 

\ 

: El 

rfi 

\ M 

J o 

JS A 

- *S>io-f)* ■ §! 

[% - fu 

o ** 




- 


Mam = ±£li 

3 ^ / 6 




De-T-fec/fio* 

*f c 


. Wjs + _ 

3 £J ^ 

— 

<\>) 


cj- C 

< 

^© c 

. 3U« 3^* . 

3 Mc 

i£i A 5 

6 El J 

- 




PROBLEM 11.120 



11.120 A uniform rod of flexural rigidity El is bent and loaded as shown. Determine 
(a) the horizontal deflection of point D, (A) the slope at point D. 
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PROBLEM 11.121 


11.121 A uniform rod of flexural rigidity El is bent and loaded as shown. Determine 
(a) the vertical deflection of point D, ( b ) the slope of BC at point C. 
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PROBLEM 11.122 


11.122 A uniform rod of flexural rigidity El is bent and loaded as shown. Determine 
(a) the vertical deflection of point A, (b) the horizontal deflection of point A. 
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PROBLEM 11.124 

IP 



1 1.124 Determine the reaction at the roller support and draw the bending moment 
diagram tor the beam and loading shown. 
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PROBLEM 11.125 


11.125 Determine the reaction at the roller support and draw the bending moment 
diagram for the beam and loading shown. 
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PROBLEM 11.126 


11.126 Determine the reaction at the roller support and draw the bending moment 
diagram For the beam and loading shown. 
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PROBLEM 11.127 


11.127 Determine the reaction at the roller support and draw the bending moment 
diagram for the beam and loading shown. 



SOLUTION 


Support A and *?A «-S A JiocKxk. 

V • . Jl-©* 


c _ 5L). 




" S *- 5 


Portion AC > o c x < -j M * (?*y - 


Sk,£[(R, 06 .U 


Z* El 


M Portion CB 0< v< ^ 



i 

L 



PROBLEM 11.128 


11.128 Determine the reaction at the roller support and draw the bending moment 
diagram for the beam and loading shown. 
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PROBLEM 11.129 


11.129 For the uniform beam and loading shown, determine the reaction at each 
support. 
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PROBLEM 11.130 


11.130 Three members of the same material and same cross-sectional area are used to 
support the load P. Determine the force in member BC. 
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PROBLEM 11.131 


11.131 Three members of the same material and same cross-sectional area are used to 
support the load P. Determine the force in member BC. 
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PROBLEM 11.132 


11.132 Three members of the same material and same cross-sectional area are used to 
support the load P. Determine the force in member BC. 
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PROBLEM 11.133 


11.133 Three members of the same material and same cross-sectional area are used to 
support the load P. Determine the force in member BC. 
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PROBLEM 11.134 


11. 134 Knowing that the eight members of the indeterminate truss shown have the 
same uniform cross-sectional area, determine the force in member AB. 
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PROBLEM 1 1.135 11.135 Knowing that the eight members of the indeterminate truss shown have the 

same uniform cross-sectional area, determine the force in member AB. 
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PROBLEM 11.136 


11.136 The steel bar ABC has a square cross section of side 0.75 in. and is subjected 
to a 50-lb load P. Using E - 29 * 10 6 , determine the deflection of point C. 
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PROBLEM 11.137 
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11.137 The steel bars B£ and AD have each a 5 x 15-mm cross section. Assuming 
that lever ABC is rigid and using E = 200 GPa, determine the deflection of point C. 


SOLUTION 

2ku t)IM» = 0 (SoFse - O 

I 5 " Fee - /0 kU. 

t X) TM* = o 60 F* -(2 4o )(* } - o 

F Ap ^ * ktf 

A - £ * IS » - 7S */o* 6 

(lox/o* ) z (soo> io' s ) f g x to s ) T (soox/q" 5 ’) 

(XXXooxfO* )(7£~x fo*‘ ) (Z)CZ00xl0*X7£x/0- c ) 

O = l.€4oo NJ- ^ 


iP§. = LI 


s , 3H . _fi*L«2!*i . I G^x IO -’« = 1-64 

P £v|0* 



PROBLEM 11.138 


1 1.138 The steel bars BE and AD have each a 5 * 1 5 -mm cross section and the steel 
lever ABC has a square cross section of side 25 mm. Using E - 200 GPa, determine 
the deflection of point C. 


SOLUTION 


240. mm 


►300 mm-*4-*-300 mm- 


P©/' bcU^S B£ a.r>A AD 


~ ° Go ^8£ -C50o)C^^ = O 

F 6£ = 

OZM a = o GoF ..-GNeOGO* o 


F = 8 kW 


- FjL 


A = *5” "A 1.5 ~ 75" ~ "7-5* *"/C> 

[rofteoorto-* ") _ . 


-4 1 


rtt Mfe _ 


Z£A ' (,'l)(Zoo*to c 'YjSxlO' e ‘ ) 


~ Loooo J 


TJ - Fap L*S - (S ) Z C3<X>x/O j _) _ Q^tloo J 

At> 2.£A U'l(20O^IO e, )(75’^ /cTM 


A6C* 


8 W 


X- ^(25X^5) S - SZ.SS^^fC^ mw'* = 32.SS2 * /0 _<7 m 
h*o«vte**f &>f IS 

M a = (2 *io*K24o*/o“ s ') = 4£o 
Po«4i<>* ABl M = 

u . r Ua _Mi g (H 8 P1L C l Va 

U AB X 2rr 2 El L*a x A, 


(4go)*Ua 


fifiU 1 ' <ser 

(HSO ^(SOUCT*) T 

(GK^oov£oMC^.5S7x/o-) ' 7 


■por4\o»A BCi 


480 


H . f Lec m* , , C * tfsofuL w &sof__Lu 

U Bc * 1 ^k'X ^ GEI € EX 


(48of(W y <o"*) 

(6X*oo * IO n )( 32.552. * Hr* ) 


=■ 1.4/56 J 


Tof«i U = Usg + + ZJ> A8 4 L}g 6 

- Loooo + 0.6*10 0 a o.3S3^ + 1. 4/56 *=■ 3. 4o*tr X 


tr 


_ iLLL - (gyg^^O. , 3.4/v/o- 5 ^ 


7. x lo 


- 3.41 



PROBLEM 11.139 

SOLUTION 


11.139 Two solid steel shafts are connected by the gears shown. Using G = 1 1.2 x 
10 6 psi, determine the strain energy in each shaft when a 24 kip-in. torque is applied 
at D. "Ha- s’tvttm eL>e "it* bending dr Hk. } 


CJD- Tlc> - TL - 24 

U & * 30, V, G s kaf 

i>\ _ Tco L et> _ (3o) “04411' L- 

2sj; 0 ' (zxn.^xio*yi.s7o8) • ’ •" k f s 

<W c fr « = it = it* ¥**■* ^ 

Gea^S Ta r fa F^ ■= (t? )(*/. 8 ) - 32.4 



- £<9 ; 


A8 Ta S * T* - 3 2. 4 k-p* L*q 

j* - 1(4)^ - 2.^1 iH- 

(J r Tte.Jz*L - - O.SZSZ m-k.ps 

AO 2 G J*6 C2)0l.^Wo»X^^6 I ) 1 


ToUi U - U** + L3 <0 3 0.5*2 33 4 0.4*11 * 1.0144m- kif%. 


1 1.140 Two solid steel shafts are connected by the gears shown. Using G - 11.2 x 
PROBLEM 11. 1 40 j(p pgj, determine the angle through which end D rotates when T - 24 kip-in. 



4. 34 




PROBLEM 11.141 


11.141 (a) Determine the modulus of resilience of a grade of structural steel for 
which Of = 300 MPa and E = 200 GPa. ( b ) Determine the required yield strength of 
an aluminum alloy for which £=72 GPa if the modulus of resilience of the alloy is to 
be the same as that of the structural steel. 


SOLUTION 


(c0 E - 200*10' 6V* 300v/0 6 Pa 


u ^ ^ ( 3oo WO*’) - 2*5*10* MWm 3, - 22S 

ZE. C *)Cz°o«io ) 




^(2)C72* /0 , )(2X5' x /O 5 ^ “ |gOx/0* P«St - /S<^> HPa 


PROBLEM 11.142 



1.25 m 5mm 






7/.Z42 A single 6-mm-diameter steel pin B is used to connect the steel strip DE to 
two aluminum strips, each of 20-mm width and 5-mm thickness. The modulus of 
elasticity is 200 GPa for the steel and 70 GPa for the aluminum. Knowing that for the 
pin at B the allowable shearing stress is = 85 MPa, determine, for the loading 
shown, the maximum strain energy that can be acquired by the assembled strips. 

SOLUTION 

A fiM 9 ZZ.m T 

1 lut - &S* 

D c oUe sMe** (2')0tajr?l»/o‘X*s»t cAl 

_ xfO 5 N 

A -( 2 d)(s)z loo - loo* id 
F*» * Foo - if* * Z^OSUVIO 3 N 
_ (Z-H oiS) 1 (o.s”) zoi.’ix to* J 


-rr _ 7 T - bia l = ZOl.-ixtO O 

Ua®- Mpe (2X70 xlO^X^Ov/O'*) 

tv F«gL ftg _ (h.S^^p^ O.SS-- 0 * 5 ^ ^ *f33.2*/D“ S J 

Ua€ " v fo* * ) 


ToW: U* u« ♦ Upa * - 846*io m, J = 0.8^6 J- 




PROBLEM 11.143 


600 mm 



1 1.143 The 18-mm-diameter steel rod BC is attached to the lever AB and to the fixed 
support C. The uniform steel lever AB is 9 mm wide and 24 mm deep. Using E = 200 
GPa, G - 77 GPa, and the method of work and energy, determine the deflection of 
point .<4 

SOLUTION 

AB 

X* I ^X^f~ 10.3 )o.3£8*/o ^ 
£ - 7.00 X to* 





M = 450 X 




[ 


L,e M 1 




, yso^Ll _ 

0>£Z 

= 0.75*38 J* 


fi" 

/o‘ 3> ) 3 

(G^fcoovio 'XlO. 368^/0^ ) 


BC 


C, T - M s - J« L ^ 6 o o*/ 0 ‘\ 

J- i(4)' 1 - ^(^) H ~ lo.soe x/o - 3 = / 0 .S 06 x/o ' 1 iv,'* 

_ t*l . ( 16 a T (toowo-^ ^ ,r 


TT = A , - J — - ^.<?ai3 J* 

*= a&J (ayn x io*)(io.£0Gxto~^ ) 


To+.i u = U AB 4 U BC - 
iPS. ^ U S. ’ ^ • 


10.68 1 J 


- ^7.S ** lO ^ v* ~ 47.5 i 



PROBLEM 11.144 


11.144 The 75-lb collar D is released from rest in the position shown and is stopped 
by a plate attached at end C of the vertical rod ABC. Knowing that E = 29 * 10* psi for 
both portions of the rod, determine the distance h for which the maximum stress in the 
rod is 36 ksi. 


-1.75-in. diameter 


SOLUTION 


i I_i 


p 6 n 4 iem B C' Aflc r in 

. 1.5-in. diameter . 30000 psi W r Crft = 72 in. 

ponce ol\ C P “ Sgc r S 30 |4 A. 

l\ - — ^»c — ^ ^O. — tq-ju 3 * Jj, 


Por+W AS; f0.7^* 2.HOS78 A„ * 8 ft - 76 m. 


P* L.a _ (noi^ 1 Lit.) 

" 2.B >W ' C z KZ < ?»(O‘^C7-H0««'i 


I"? 34.0 in /i 


ToW tr = u» e + u< 


3708.3 in. A 


- ts 


= 4 r = fgotT^" T O.IHin w 


•W (h+ O * U ll - - § c -- 0.14744 =• «. o 



PROBLEM 11.145 


11.145 The 75-lb collar D is released from rest when h - 20 in. and is stopped by a 
plate attached at end C of the vertical rod^BC. Knowing that £ = 29 * l^psi for both 
portions of the rod, determine (a) the maximum deflection of end C, ( b ) the equivalent 
static load, (c) the maximum stress that occurs in the rod. 


-1.75-in. diameter SOLUTION 


- 1.5-in. diameter 


Lc. 4 V) e Hie i'c. -Poa A 1 

A® : A. s - 7? cf«e - " Z.HOSZB 


I K 0 .-+. 0 * : A as - h =»*e - 

6ft T — T L A b = 8f+ * “?6 ir> 

*■ TJ _ Pw Ll» - ■ P*" T £g8.W'‘|o'' P- 

A8 ‘ 2EA 

9«*;»* Bcr Kc = f Ai - - i.7C7is-;-‘ c-tt * 7 * ,v > 

rj _ . 7 oZ.HixlO 1 ^ 

U6C - ZE A*. (2X?1>'<0‘Xi.747/I) 

ToiJh U -- 0,4+ tJec * 1.3 10 62* JO-*- P«* 

Uj Sw, c ^ = 2.78/24 I ft* 6 Pm ■ <’ P** 35^.55 1 *7o s §„ 

U * ±P„‘.$„ 1 17“?. 776 */o J S- 

Wc^-fc of fti/f-a we-jlt W ( 1.+ Sj ■ 75 (20 4 S% * /S-oo 4 75 S„ 

1500 4 75 ' 177.77 6*/0 S- 


3 - * 


1500 4 75§- =• 177. 776 * /O 5, 


S m J - 417. IBS*lo-‘ S- - 8.3437 */o' 3 O 

(ft', S„:{[ 417.185*10'% y(Mn.l85»/0%% (4XS-3437WO- 5 


0. 07/553 


- 0.O7/6 Im. 


(b) P„ t (354.552 *(o'X0- 04/553 ■) - 33 1/7 21 P*»321«oA 

- % _ _ 321 1 7 - ig g 30 psi' - IS. 63 hi' 


A-;« /.7C7/5 



PROBLEM 11.146 


■480 mm-*+«-480 mm- 


11.146 The steel rod BC has a 24-mm diameter and the steel cable ABDCA has a 12- 
mm diameter. Using £=200 GPa, determine the deflection of point D caused by the 
12-kN load. 


360 mm Cf 


360 mm 


SOLUTION 


Own** syi — >4^ 


— F Bri - - r CA 


Uab " ^8D “ TJpc “ ^c.A 


U - ^ U t 


Vmt. - » 


^ F A&d 


8c 


e 


D 


N Ld F be "Fka ^ X) 

4 , Fgp L ep 2 Fgo . Fgc^-ac_ ^>Feo 

T E Aao EA*e 3 P 


+f ^ O 


* | - P r D 

Feo - £ p 


S>F 4o _ ^ 


o - u F Lgp + (±\ z ?J=i 
4 vt) EAao + u) £ Ai 

DaK- F* w»IO j n 

l-0o r (o00 4 /0 ** 

Lee’ 

C 12.* fo 3 ( IS 4>oo*lC 


JoiA F^ 0 

a 


, £ta*> + 

Elf A bd 


T2F, = o ' 

F s .t(^#F 8o = © 

F«c«-|-Fi.* -|P 

S)Fgc 


15 ifcl 

* Aeci 


E = ^?0O X /O’ P* 

Ag, - fOay- = 113. o?7 w - M3.o<?7 -/o' 6 i" 3 
A b< - ^Cw)* - HSl.'h 0 ! to*? - ^5Z. 3<i*tO~ C vA 


c _ 1 X- * 

' 200*10 


ikf <,°°*icr s ii *0*10-* 1 _ , JM WD - 

« { «? 113.097* /o‘ c 9 VSZ.S9* lo' c j 


- L ) i I >v»^ <1 


PROBLEM 11.147 



11.147 The simply supported beam AB is struck squarely at D by a block of mass m 
moving horizontally with a velocity v,,. Show that the resulting maximum normal stress 
a„ in the beam due to bending is independent of the location of point D 

SOLUTION 


Let be tke e^L>*Va//e*vt s\eJr\'C -Po«si<sJ poi^t ^ 

Reeccti©**: P* - ^ 5 r 


lot* A i wowCAf - 1<*GL " ~y“ 

p a. . An t ] _ e* *>* c V j, - 

Po ^‘°* A ° U '*> ‘ A> 2 EX * y -\%EZ * 2ErXL x >»* *** " £ E3lL x 

Porflim DB U DB - ) o 2B1 ^ o do . ^» r r- 

Ti. f jr - P»,*a*V(<a.+ (a) _ P*fa*k*_ _ M*NL 

UW U CEIL 7 - GfXL ‘ G£I 


I » 4 tv A. 

* m \/ 0 - U e £ x 


3 EX-Pn.Ve 

L 


St>*^ 


. M 


- J a £. & .'. ^g.- J wUI. IS .Vjep^Uf 
X r ? ^ J h^ L 


rf* Ol ov' b. 



PROBLEM ILC1 

Element n Element i 


Element 1 



1 1 -Cl A rod consisting of n elements, each of which is homogeneous 
and of uniform cross section, is subjected to a load P applied at its free end. 
The length of element i is denoted by L, and its diameter by d { . (a) Denoting 
by E the modulus of elasticity of the material used in the rod, write a computer 
program that can be used to determine the strain energy acquired by the rod 
and the deformation measured at the free end. (b) Use this program to deter- 
mine the strain energy and deformation of the rods of Probs. 11.9 and 11.12. 


SOLUTION 


F AW F 


Fan 4F ftcH- f < r>~7 
£/iTT(l ^ 

__ P 

Com ? -it - — — ■ 

■ H c 

p Z Li 

FTnifV" if. = — — — 

£ n r L t 

S7rtA>» SiTY.' ^ 

5"/ 

«= -tr- 

Total 5V/?a/a/ & v 


7b7*l. PE FoK^AT/O* 

+ FA--U : 


p 


pf?66 PftM OUTPUT 


Problem 11.9 


Axial load * 8.000 kips Modulus of elasticity = 29 x 10"6 psi 

Element Length delta L Stress Strain Energy Strain Energy Density 
in. in. ksi in*lb lb»in./in. A 3 


24.000 

36.000 


0.022 

0.022 


26.08 

18.11 


86.32 

89.92 


11.72 

5.65 


Total Strain Energy « 176.24 in -lb 

Total Deformation » 0.0441 in. 


Problem 11.12 


Axial load « 25.000 kN Modulus of elasticity - 200 GPa 

Element Length delta L Stress Strain Energy Strain Energy Density 

_ un. T lr.T/m* - * 


0.497 

0.477 


124.34 

79.58 


kJ/m A 3 

38.65 

15.83 


Total Strain Energy 
Total Deformation 


12.1853 J 
0.9748 mm 



PROBLEM 11.C2 


F fm 1500 lb 







Position I 


11. C2 Two 0.75 X 6-in. cover plates are welded to a W8 X 18 rolled- 
steel beam as shown. The 1500-lb block is to be dropped from a height h = 2 in. 
onto the beam, (a) Write a computer program to calculate the maximum nor- 
mal stress on transverse sections just to the left of D and at the center of the 
beam for values of a from 0 to 60 in., using 5-in. increments, (b) From the val- 
ues considered in part a, select the distance a for which the maximum norma! 
stress is as small as possible. Use E = 29 X 10 6 psi. 

— x 6 in. SOLUTION 

Tljy CofoPtiTe f\H0 ffr~72r'<' oF ///&?T//1 

8 fcSmk **6Qi>.L> 

jc W8X18 /FOR f\NZ> £8 r w 




Sr/^.z in* 


pop pep : v/£y/£ Pius PJ-P7&S 
l« — &/o —pi 

y,on \ _ L ^ 


J r £/J-h2(6 *&, 7s)C^s) = 239,72 ^ 

J J* ^ 23%7? _ w** <1 

^ (+07+ o^S) S7. 

U - l/C Wires- O' sr ///PI. p£_ a 'C P C&FPWFHJ 

^ SEP /y F/T p/f/UT PF>fZ OP PPP/A/VQT/OH OP 

P = P&un/fU.en'r P7Pij/c ic,&o 

\ J = J-p su s j- . ^ 
u z 2 -W 2 <X 

\ NOP-*- QC>/vir gy w 1$ ■wth + 'td 
n -T-, J— — w A ~h w y ^ 

H r" kl 2 

£><*’• @ 
Pay 7 /ok 2. J 


SOI OT/OK OP ©) pGfi ‘j/Tn ^ 

/7v t^/? /_ ^ 4?o h = 2*r>., W- /Sc^> /7>, <F * Z?y/o p± «•' 

fr 0 K ox z= c> to //>, -s' 7f r /^ .sr in, ■' 

"fa/dLy ST " WdC 

«■> 3*r, 

Fppp ftp WITH CPtFL^tm. ///Tipnvni-Z *rc> Ff»0 &- Port t^-^yo 

~T/+/S is -T/tlP VfS TS)S*Ctf &- Port S'f-P/UC AS P&££/BLie 

CONTINUED 



D 

0 


i 


T 


/ . 

V 1 , 


2 

1 L J- - ^ 



4 Z *1 - 2- 


n 



D 

□ 


D 

,0 


PROBLEM 11X2 - CONTINUED 

p£T&Z- M /A»* TlON 6F cK • 

^ j»- a -4p 


is dsfz.^ - r/oH £- Fon & v*t>T i&a*-) a tC, 

:♦* * 



3 


Jz , 

L * 


*]* 


P/2o6/SftM OOTfVT 


Beam - W 8x18 with two 6 by 0.75-in. cover plates 
h * 2 in. W = 1500 lb L = 120 in. 


a 

in. 

0.00 

5.00 

10.00 

15.00 

20.00 

25.00 

30.00 

35.00 

40.00 

45.00 

50.00 

55.00 

60.00 


ystat 

in. 

0.00777 

0.00778 

0.00787 

0.00812 

0.00859 

0.00938 

0.01056 

0.01220 

0.01438 

0.01718 

0.02068 

0.02496 

0.03008 


ymax 

in. 

0.1842 
0.1844 
0.1855 
0 . 1885 
0.1942 
0.2033 
0.2163 
0.2334 
0.2546 
0.2799 
0.3090 
0.3419 
0.3783 


Pmax 

lb 

35572 

35544 

35348 

34834 

33896 

32509 

30736 

28706 

26563 

24436 

22415 

20550 

18862 


a 1 
ksi 

0.00 

5.85 

11.63 

17.19 

22.30 

26.73 

30.33 

33.05 

34.95 

36.17 
36.87 

37.18 
37.23 


a 2 
ksi 

21.46 

21.44 

21.32 

21.01 

20.45 
19.61 
18.54 

17 . 32 
16.02 
14.74 
13.52 
12.40 
11.38 


01 - <T2 
ksi 

-21.46 
-15.59 
-9.69 
-3.82 ■ 
1.85 
7.13 
11.79 
15.73 
18.93 
21.43 
23.35 
24.78 
25.85 


Use smaller increments to seek the smallest maximum normal stress 


18.33 

18.34 

18.35 


0.00840 

0.00840 

0.00841 


0.1919 

0.1920 

0.1920 


34259 

34257 

34255 


20.657 

20.667 

20.677 


20.665 

20.664 

20.663 


- 0.01 

0.00 

0.01 


Max stress small as possible .for a 
Smallest max stress - 20.67 ksi 


18.34in. 


D 



PROBLEM 11.C3 24 mm 


r 


B D 


n 





24 mm 


1 1 .C3 The 16-kg block D is dropped from a height h onto the free end 
of the steel bar AB. For the steel used c r M = 120 MPa and E = 200 GPa. (a) 
Write a computer program to calculate the maximum allowable height h for 
values of the length L from 100 mm to 1.2 m, using 100-mm increments, (b) 
From the values considered in part a, select the length corresponding to the 
largest allowable height. 



SOLUTION 


= /PO MPa. f jF = poo 6 fix 3 O.o»9 

497 *'£**1, <$* 7.V '»/£*' 

1= d V //z 


-O# 

S Z ‘ d/2 


Fof? l^/OOon 72> /?OC"’n S71 /0O'&r*h 

LJ/ocg 


fiypCM payt 70S 

I 


/ %M)* SS ^a/f £ 

K*tay. ~ Mntay/l 

% r * y l V 3 * / 




f/t O/j /VV 




A V/rtcy*) 1 ^ 

1?£T»f* A/ 


P/?o6z« m Our pv fi 


Problem 11. C3 


m * 16.0 kg 


L 

mm 

100 

200 

300 

400 

500 

600 

700 

800 

900 

1000 

1100 

1200 


ystat 

mm 

0.00946 

0.07569 

0.25547 

0.60556 

1.18273 

2.04375 

3.24540 

4.84445 

6.89766 

9.46181 

12.59367 

16.35000 


« 24 mm 

ymax 

mm 

0.167 

0.667 

1.500 

2.667 

4.167 

6.000 

8.167 

10.667 
13.500 

16.667 
20.167 
24.000 


a - 120 MPa 

Pmax 
N 


Mmax 

N*m 


2764.8 

1382.4 

921.6 

691.2 

553.0 
460.8 

395.0 

345.6 

307.2 
276.5 

251.3 

230.4 


276.48 
276.48 
276.48 
276.48 
276 .48 
276.48 
276.48 
276.48 
276.48 
276.48 
276.48 
276.48 


200 GPa 
h 

mm 

1.301 

2.269 

2.904 

3.205 

3.173 

2.807 

2.109 

1.076 

-0.289 

-1.988 

-4.020 

-6.385 


Use smaller increments to seek the largest height h 


435 

440 

445 


0.77883 

0.80599 

0.83378 


3.154 

3.227 

3.300 


635.6 

628.4 

621.3 


276.48 

276.48 

276.48 


3.2316 
3.2320 

3.2317 



PROBLEM 11X4 



1 1 .C4 The block D of mass m = 8 kg is dropped from a height 
h = 750 mm onto the rolled-steel beam AB. Knowing that E = 200 GPa, 
write a computer program to calculate the maximum deflection of point E and 
the maximum normal stress in the beam for values of a from TOO to 900 mm, 
using 100-mm increments. 



W150 X 13.5 


SOLUTION 

EN7IR - /.-/.*/*», £*?&&£ fa j 
JT- k 91 x ICT * 


S - /ucr* 


<3riT £/>t>8 . ■//. 7), VQf — *• 


F’OF UN/7 ion-0 f\r 4r 



S& PRo& /Li9 y ?AS' — * 


/TsfZ OL r /C£> '?*'»■ To 9&> /£>£> •>w^’ 

O- - n,//o&o 
6 = L - o- 


[)st~ ^3 ^ ^ 

^ e /zs’Jr/d- 



^ a*.M 

L/J =■ P A fyjL 

'ThOy **<*7 ' 

^ * fa* A 


pfe/^T t J “yn&y 

&r7otifit 


Problem 11.C4 


Beam: W 150 x 13.5 


I m 

6.87 xl0"-6 

m"4 S = 91 

. 6x10" -6 m 

"3 

L - 

1.8 m h - 

750 mm m * 

8 kg g 

» 9.81 ti 

a 

ystat 

ymax 

Pmax 

®Jh«Y 

mm 

mm 

mm 

N 

MPa 

100 

0.0003 

0.6775 

173.93 

179.33 

200 

0.0011 

1.2757 

92.43 

179.40 

300 

0.0021 

1.7946 

65.75 

179.46 

400 

0.0033 

2.2339 

52.85 

179.51 

500 

0.0045 

2.5936 

45.55 

179.55 

600 

0.0055 

2.8734 

41.13 

179.59 

700 

0.0063 

3.0734 

38.46 

179.61 

800 

0.0068 

3.1934 

37.02 

179.63 

900 

0.0069 

3.2334 

36.56 

179.63 


NOT& 7W S>t?AH \>mfiru>N tot .. ~?7VS '£ OL>£ TO 7WiT f/i£ftlY 

fit Guinea 0Y 7*£ mass as / r falls 7-»&c*>6SL 
ftZAg. //./* ?, faje 13/j forz /9 UjH£K<s 
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PROBLEM 1I.C5 


10-mm diameter 


6-inm diameter 




11. CS The steel rods AB and BC are made of a steel for which 
o> = 300 MPa and E = 200 GPa. (a) Write a computer program to calcu- 
late, for values of a from 0 to 6 m, using 1-m increments, the maximum strain 
energy that can be acquired by the assembly without causing any permanent 
deformation, (b) For each value of a considered, calculate the diameter of a 
uniform rod of length 6 m and of the same mass as the original assembly, and 
the maximum strain energy that could be acquired by this uniform rod with- 
out causing permanent deformation. 
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Problem 11C5 


sigmas 

' « 300 

MPa, Pm * 

8482 N, 

L * 6 m, 

B * 200 C 

a 

u 

Vol 

d 

New P 

newU 

m 

J 

ttT3 

mm 

N 

J 

0.00 

38.17 

169.65 

6.00 

8482.30 

38.17 

1.00 

34.10 

219.91 

6.83 

10995.58 

49.48 

2.00 

30.03 

270.18 

7.57 

13508.85 

60.79 

3.00 

25.96 

320.44 

8.25 

16022.12 

72.10 

4.00 

21.88 

370.71 

8.87 

18535.40 

83.41 

B.00 

17.81 

420.97 

9.45 

21048.67 

94.72 

6.00 

13.74 

471.24 

10.00 

23561.95 

106.03 



PROBLEM 11.C6 
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1 1 .C6 A 160-lb diver jumps from a height of 20 in. onto end C of a div- 
ing board having the uniform cross section shown. Write a computer program 
to calculate for values of a from 10 to 50 in., using 10-in. increments, (a) the 
maximum deflection of point C, (b) the maximum bending moment in the 
board, (c) the equivalent static load. Assume that the diver’s legs remain rigid 
and use E = 1.8 X 10 6 psi. 
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a 

ym 

Pm 

Max m 

sigma 

in. 

in. 

lb 

kip ■ in . 

psi 

10 

14.622 

757.7 

101.532 

5422 

20 

13.262 

802.6 

99.519 

5314 

30 

11.950 

855.6 

97.536 

5208 

40 

10.683 

919.1 

95.583 

5104 

50 

9.462 

996.4 

93.661 

5001 
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